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STEERING DEVICE

(57) A belt speed reducing apparatus for an electric
power steering apparatus includes a drive pulley having
afirsthelical gear, a driven pulley having a second helical
gear and a drive belt having a third helical gear in which
a relationship of tan B<u. is established between a twist
angle B of the respective helical gears and a friction co-

BELT SPEED REDUCER FORELECTRIC POWER STEERING DEVICE AND ELECTRIC POWER

efficient . between the first or the second helical gear
andthe third helical gear. Further, an electric power steer-
ing apparatus for adjusting a backlash between gears of
a speed reducing apparatus brought in mesh with each
other or adjusting a tension of a belt of a speed reducing
apparatus.
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Description
<Technical Field>

[0001] The present invention relates to a belt speed
reducing apparatus for an electric power steering appa-
ratus and an electric power steering apparatus.

<Background Art>

[0002] There is known an electric power steering ap-
paratus for a vehicle for reducing a speed of a rotational
output of a motor via a speed reducing mechanism to
assist steering operation as a steering assisting force.
[0003] For example, in an electric power steering ap-
paratus 500 shown in Fig.41, a steering shaft 501 and a
rack shaft 502 are brought in mesh with each other by a
publicly-known pinion rack mechanism 503. Further, a
motor shaft 505 of a motor 504 is rotatably supported by
bearings 506, 507.

[0004] The rack shaft 502 is formed with a male screw
portion (spiral groove) 508. A nut 510 rotatably supported
by a bearing 509 is arranged on an outer side thereof. A
ball 511 is inserted to fit between the mail screw portion
508 of the rack shaft 502 and the nut 510 to thereby
constitute a ball screw mechanism 512.

[0005] A shaft 515 of an input gear 514 is coupled with
an extended portion 513 of the motor shaft 505 by a spline
coupling SP. The input gear 514 is brought in mesh with
a middle gear 516 and the middle gear 516 is brought in
mesh with an output gear 517. The output gear 517 is
formed in a cylindrical shape and penetrated with the
rack shaft 502 at inside thereof. Further, outer sides of
both end portions in an axial direction of the output gear
517 are rotatably supported by bearings 518, 519, and
a spline groove 520 is formed at an inner face in the
cylindrical shape of the output gear 517.

[0006] Meanwhile, a spline projected streak 522 is
formed at an outer side of an extended portion 521 at
one end of the nut 510 of the ball screw mechanism 512
to couple with the spline groove 520 formed at the inner
face of the output gear 517 by spline coupling SP.
[0007] In the above-described constitution, based on
a steering torque of the steering shaft 501 detected by a
torque detecting apparatus, not illustrated, a driving ro-
tational force of the motor 504 driven by a control appa-
ratus, not illustrated, is transmitted to the nut 510 of the
ball screw mechanism 512 via the input gear 514, the
middle gear 516, and the output gear 517. Further, the
rack shaft 502 is moved in an axial direction by rotating
the nut 510 to change a direction of a wheel to thereby
carry out steering.

[0008] In a constitution of using the above-described
gear speed reducing mechanism as a speed reducing
mechanism, when a backlash of a mesh portion of the
gearislarge, thereis brought about a drawback thatwhen
steering operation is reverted or the like, teeth striking
sound is emitted at tooth faces. Further, when the back-
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lash is excessively small, there is brought about a draw-
back that meshed rotating operation of the gear is not
carried out smoothly and a steering feeling is deteriorated
orthe like. Therefore, it becomes necessary to set a mag-
nitude of the backlash in a pertinent range.

[0009] For example, in a well-known worm gear speed
reducing mechanism constituted by a worm and a worm
wheel, as described in JP-A-10-297505 (hereafter, de-
scribed as "Patent Reference 1"), there is proposed a
constitution in which a housing of a worm gear speed
reducing mechanism is divided into a housing on a side
of a worm and a housing on a side of a worm wheel and
a magnitude of a backlash is set in a pertinent range by
adjusting an interval between the two housings.

[0010] Other than the above-described, in order to set
a magnitude of a backlash in a pertinent range, there is
a case in which a working dimensional accuracy in fab-
ricating a gear is promoted, or a method referred to as
matching of selecting a gear on a counterpart to be
meshed in accordance with a state of a finish dimension
of a fabricated gear or the like, however, these methods
result in increasing fabrication cost, which is not prefer-
able.

[0011] According to the electric power steering appa-
ratus 500 having a constitution explained in reference to
Fig.41, the motor shaft 505 is arranged in parallel with
the rack shaft 502, and in order to avoid interference be-
tween the motor 504 and the rack shaft 502, a distance
between axis centers of the input gear 514 and the output
gear 517 is constituted to be large. Thus, the input gear
514 and the output gear 517 are constituted to be brought
in mesh with each other via the middle gear 516.
[0012] When the middle gear 516 is interposed in the
gear speed reducing mechanism, a backlash between
the input gear 514 and the middle gear 516 and a back-
lash between the input gear 516 and the output gear 517
need to adjust. However, when the gear is selected to
determine by the above-described matching, the match-
ing is carried out between the input gear 514’and the
middle gear 516 and between the middle gear 516 and
the output gear 517, which is much difficult to carry out.
[0013] Further, when a worm gear speed reducing
mechanism is used, particularly in a constitution of using
a saddle type worm as a worm, a three needles meas-
uring method which is carried out in a normal worm can-
not be used in measuring a finish dimension of the saddle
type worm. Thus, it is very difficult to measure the dimen-
sion of the worm and therefore, matching is carried out
in operation of integrating the speed reducing mecha-
nism and there is brought about a drawback that a
number of integrating steps is increased.

[0014] Further, according to a belt speed reducing ap-
paratus constituted by an input pulley and an output pul-
ley in place of the above-described input gear and output
gear and a drive belt made to wrap on the pulleys, in
order to maintain high transmitting efficiency and dura-
bility, it is requested to set a tension of the drive beltin a
pertinent range, however, a dispersion among products



3 EP 1 621 444 A1 4

of the drive belt is larger than that of the gear. Therefore,
itis necessary to construct a constitution capable of easily
adjusting a distance between axis centers of the input
pulley and the output pulley.

[0015] Otherthanthese, an electric power steering ap-
paratus is constituted by a structure of integrating a motor
to a housing of apparatus at a later stage and therefore,
a motor shaft and a gear or a pulley are constituted by
separate members. Thus, it is necessary to provide bear-
ings to a motor shaft and a gear shaft or a pulley shaft
and there is a drawback of increasing a number of parts
and increasing fabrication cost.

[0016] Further, as a constitution of using a belt speed
reducing apparatus, for example, according to
JP-A-62-004673 (hereafter, referred to as "Patent Ref-
erence 2"), there is known a constitution of using a V belt
of a friction type. Further, according to
JP-UM-A-06-049489 (hereafter, described as "Patent
Reference 3"), there is known a constitution of using a
spur gear type belt (timing belt).

[0017] According to the belt speed reducing apparatus
using the V belt described in Patent Reference 2, power
is transmitted by friction and therefore, a large tension
must be exerted to the belt in order to achieve the friction
force. Therefore, a torque under no load is increased and
therefore, there is a drawback that return of a steering
wheel is increased. In contrast thereto, according to the
belt speed reducing apparatus using the spur gear type
belt described in Patent Reference 3, owing to a mesh
transmitting type, alarge tensionis not needed and there-
fore, there is achieved an advantage of capable of re-
ducing the no load torque. However, according to the
spur gear type belt, particular operating sound is emitted
in starting and in finishing engaging teeth on a side of
the pulley and teeth on a side of the belt accompanied
by rotation.

[0018] Although the problem can be resolved to some
degree by reducing a size of the teeth of the belt, on the
other hand, the teeth are weakened. Therefore, when a
large force is exerted, there may be brought about a se-
rious problem starting from shearing of the teeth, biting
of the sheared teeth, locking of the speed reducing mech-
anism and finally, a progress to a state of being unable
to carry out steering. Therefore, when the size of the teeth
of the belt is reduced with an object of reducing the op-
erating sound, it is necessary to widen a width of the belt,
the speed reducing mechanism is large-sized unavoid-
ably and therefore, layout of the speed reducing mech-
anism in a vehicle body becomes difficult.

[0019] Further, according tothe electric power steering
apparatus using the belt speed reducing apparatus, the
tension exerted to the belt significantly controls a function
of the electric power steering apparatus. In the case of
the V belt of the friction type, when the tension is exces-
sively larger than a proper value, an operating torque
(friction under noload) is increased, return of the steering
wheel is deteriorated and therefore, an adverse influence
is effected on the steering wheeling. Conversely, when
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the tension is excessively smaller than the proper value,
in the case of the V belt of the friction type, the friction
force becomes deficient, slip is produced and therefore,
power cannot be transmitted. Further, in the case of the
spur gear type belt, a meshed state is deteriorated to
pose a problem in durability. Therefore, when the belt is
used in the speed reducingmachine of the electric power
steering apparatus, the tension of the belt needs to main-
tain at a value in the proper range.

[0020] The timing belt is widely adopted for driving a
cam shaft of an engine or the like. The engine is rotated
only in a constant direction and therefore, a side of ex-
erting the tension and a side of loosening the tension on
the belt are determined. Therefore, an automatic tension-
er is provided on the side of loosening the tension, the
tensioner is pressed to the belt by a pressing force of a
predetermined elastic member or the like to constitute a
proper value of the tension. An influence of error or var-
iation of the distance between the axis centers and an
elongation of the belt is substantially absorbed by elas-
tically deforming the elastic member since the tensioner
is displaced. Therefore, the belt tension adjusting mech-
anism using the elastic member achieves an advantage
of capable of flexibly dealing with almost all of error and
deformation of a constituting member.

[0021] However, a situation differs in a power trans-
mitting system in which a rotational direction is changed
both in regular and reverse direction. For example, when
a timing belt is used in a speed reducing machine of an
electric power steering apparatus, different from an en-
gine, arotational direction of the speed reducing machine
is not constant. That is, the steering wheel is turned both
tothe right and to the left and therefore, also the rotational
direction of the timing belt is changed in accordance
therewith. A string-like member such as a belt can be
loaded with only a tension force and therefore, one side
of the belt is loaded with a tension for driving and other
side thereof is not loaded therewith. When the rotational
direction is changed, in belt driving, a side exerted with
the tension and a side of loosening the tension are alter-
nately changed in accordance with the change.

[0022] For example, in JP-A-2003-220958 (hereafter,
described as "Patent Reference 4"), it is known to adjust
a tension by using a tensioner. When an initial tension is
exerted to a belt by using the tensioner by elastic force,
a side provided with the tensioner is changed from a side
of loosening the tension to a side exerted with the tension
in accordance with a change in a rotational direction. Fur-
ther, the tensioner is moved to a position balanced with
the force in accordance with a change in the tension.
During the time period, power cannot be transmitted, (or
reduced) and therefore, a delay in transmitting power is
brought about. The delay in transmitting power stays the
same even when the tensioners are provided on both
sides.

[0023] Ina power steering apparatus, when such a de-
lay in transmitting power is brought about, an assisting
force is not transmitted during the time period even when
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an assisting motor is rotated. Since the steering wheel
is not assisted, when the steering wheel is turned back,
the steering wheel becomes heavy. At this occasion, a
driver feels as if the steering wheel were caught by some-
thing and therefore, a steering feeling is deteriorated.
[0024] When a timing belt is used in a speed reducing
machine of an electric power steering apparatus in order
to avoid such a phenomenon, as described in
JP-A-2003-220959 (hereafter, described as "Patent Ref-
erence 5"), it is necessary to exert an initial tension by
utilizing an elastic force of the belt per se by adjusting a
distance between axis centers of pulleys, or providing an
idle pulley to adjust a center position of the idle pulley,
that is, without using a tensioner by an elastic force.
[0025] At an initial stage when an automobile starts
running, temperatures of respective parts and respective
apparatus are low, however, when running is continued,
the temperatures rise. The temperature rise is not excep-
tional also in a power steering apparatus. By the temper-
ature rise, a total of the power steering apparatus is ex-
panded and therefore, a change is produced in the dis-
tance between the axis centers of two pulleys on which
the belt is made to wrap, or the position of the idle pulley.
Although the belt per se is also expanded, generally, an
amount thereof is small. As a general result of thermal
expansion thereof, a change is produced in a tension of
the belt. Particularly when the tensioner by an elastic
force is not used, a difference in displacement of thermal
expansion cannot be absorbed by displacement of the
elastic member and therefore, almost all of the difference
in displacement by thermal expansion significantly
changes an average tension of the belt. This poses the
above-described problem.

[0026] A general beltcomprises rubberand a core wire
and glass fiber is used as a material of the core wire.
Further, aluminum is generally used in a housing of the
electric power steering apparatus. Linear expansion co-
efficients of both members are respectively as follows.

0.5 through 0.7 X 10-3/°C
2.4 X 105/°C

Glass fiber:
Aluminum :

When a temperature range of using the electric power
steering apparatus is set to -40°C through 120°C, the
above-described difference in the linear expansion coef-
ficients cannot be disregarded. When the elastic member
is not used, the tension of the belt is significantly varied
in accordance with the change in the temperature owing
to the difference to effect an adverse influence on a func-
tion of the electric power steering apparatus.

<Disclosure of the Invention>

[0027] Theinvention has beeninventedinview of such
a situation and it is an object thereof to provide a belt
speed reducing apparatus for an electric power steering
and an electric power steering apparatus capable of re-
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ducing operating sound without making layout difficult
and giving an excellent steering feeling.

[0028] The object of the invention is achieved by the
following constitution.

(1) A belt speed reducing apparatus for an electric
power steering apparatus comprising a drive pulley
having a first helical gear and supported to be able
to drive to rotate, a driven pulley having a second
helical gear and rotatably supported, a drive belt
hung over the drive pulley and the driven pulley and
having a third helical gear brought in mesh with the
first and the second helical gears, wherein a rela-
tionship of tan B< . is established between a twist
angle B of the respective helical gears and a friction
coefficient . between the first or the second helical
gear and the third helical gear.

(2) An electric power steering apparatus comprising
a housing, a rack shaft supported by the housing
movably in an axial direction and to be hampered
from being rotated, a rack portion provided at the
rack shaft, a male screw portion provided at the rack
shaft, a nut constituting a ball screw mechanism by
being screwed to the male screw portion via a ball
and supported by the housing rotatably and unmov-
ably in the axial direction, a drive pulley having a first
helical gear and rotatably supported, a driven pulley
coupled to the nut with regard to rotation thereof,
having a second helical gear and rotatably support-
ed, a drive belt hung over between the drive pulley
and the driven pulley and having a third helical gear
to be able to be brought in mesh with the first and
the second helical gears, an assisting motor for driv-
ing the drive pulley, a pinion brought in mesh with
rack teeth of the rack portion, an input shaft inputted
with a steering force from a steering wheel, a torque
detecting apparatus for detecting a torque applied
tothe pinion by the input shaft, wherein a relationship
of tan B < p is established between a twist angle 3
of the respective helical gears and a friction coeffi-
cient w between the first or the second helical gear
and the third helical gear.

(3) An electric power steering apparatus comprising
an assisting motor for supplying a steering assisting
force, a rack shaft for turning a running wheel, a first
rotating member arranged coaxially with a rotating
shaft of the assisting motor, a second rotating mem-
ber driven to rotate by the first rotating member for
transmitting rotation of the first rotating member to a
drive converting apparatus for converting rotation of
the first rotating member to movement in an axial
direction of the rack shaft, wherein the assisting mo-
tor includes a motor flange rotatably mounted to a
housing of the electric power steering apparatus, and
an axis center of the motor flange is in parallel with
an axis center of the first rotatingmember and is re-
mote from the axis center of the first rotating member
by a predetermined dimension.
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(4) The electric power steering apparatus described
in (3), characterized in that the first rotating member
is an input gear arranged coaxially with a rotating
shaft of the assisting motor and the second rotating
member is an output gear for receiving a rotational
power of the input gear.

(5) The electric power steering apparatus described
in (4), characterized in that the input gear is consti-
tuted integrally with the rotating shaft of the assisting
motor.

(6) The electric power steering apparatus described
in (4), characterized in that the drive converting ap-
paratus is a ball screw apparatus and the output gear
transmits the rotational power of the input gear to a
nut of the ball screw apparatus.

(7) The electric power steering apparatus described
in (3), characterized in that the drive converting ap-
paratus comprises a pinion coupled with a worm
wheel shaft of a worm gear speed reducing appara-
tus and a rack shaft brought in mesh with the pinion,
the first rotating member is a worm coupled with the
rotating shaft of the assisting motor, and the second
rotating member is a wormwheel brought in mesh
with the worm.

(8) The electric power steering apparatus described
in (7), characterized in that the worm is constituted
integrally with the rotating shaft of the assisting mo-
tor.

(9) The electric power steering apparatus described
in (3), characterized in that the drive converting ap-
paratus is a ball screw apparatus, the first rotating
member is a drive pulley arranged coaxially with the
rotating shaft of the assisting motor, and the second
rotating member is a driven pulley driven by the drive
pulley via a drive belt.

(10) The electric power steering apparatus de-
scribed in (9), characterized in that the drive pulley
is constituted integrally with the rotating shaft of the
assisting motor.

(11) The electric power steering apparatus de-
scribed in (4), characterized in that a gear apparatus
comprising the input gear constituting the first rotat-
ing member and the output gear constituting the sec-
ond rotating member is a gear apparatus including
any one of a spur gear, a helical gear, a worm and
a worm wheel.

(12) A belt speed reducing apparatus for an electric
power steering comprising a housing, a drive belt, a
drive pulley rotatably supported by the housing, ex-
erted with a rotation drive force and hung with a drive
belt, a driven pulley rotatably supported by the hous-
ing and rotated by being transmitted with a power
from the drive pulley by being hung with the drive
belt, and a tension adjusting mechanism for adjust-
ing a tension of the drive belt, wherein the tension
adjusting mechanism includes a canceling expan-
sion portion comprising a material for producing a
variation in the tension opposed to a variation in the
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tension produced at the drive belt when a tempera-
ture of the belt speed reducing apparatus is varied.
(13) The belt speed reducing apparatus for an elec-
tric power steering apparatus described in (12), char-
acterized in that the drive belt is a timing belt.

(14) The belt speed reducing apparatus for an elec-
tric power steering apparatus described in (12) or
(13), characterized in that the canceling expansion
portion of the tension adjusting mechanism compris-
es a material having a linear expansion coefficient
smaller than a linear expansion coefficient of a ma-
terial of the housing.

(15) The belt speed reducing apparatus for an elec-
tric power steering apparatus described in any one
of (12) through (14), characterized in that materials
of the housing, a core wire of the drive belt and the
canceling expansionportion of the tension adjusting
mechanism are respectively aluminum, glass fiber
and ceramics.

(16) The belt speed reducing apparatus for an elec-
tric power steering apparatus described in any one
of (12) through (15), characterized in that the tension
adjusting mechanism comprises a roller holder sup-
ported pivotably by the housing, a tension roller sup-
ported rotatably by the roller holder and a pivot ad-
justing member capable of adjusting an angle of piv-
oting the roller holder by engaging a front end there-
with to be able to adjust a position of pressing the
belt by the tension roller and including the canceling
expansion portion on a side of the front end.

(17) The belt speed reducing apparatus for an elec-
tric power steering apparatus described in any one
of (12) through (15), characterized in that the tension
adjusting mechanism comprises a shaft supporting
frame fixed to the housing and constituting the can-
celing expansion portion, a roller holder supported
pivotably by the shaft supporting frame, a tension
roller supported rotatably by the roller holder, and a
pivot adjusting member capable of adjusting an an-
gle of pivoting the roller holder by engaging a front
end therewith to be able to adjust a position of press-
ing the belt by the tension roller.

(18) The belt speed reducing apparatus for an elec-
tric power steering apparatus describedin (17), char-
acterized in that the shaft supporting frame consti-
tutes a C-shape and the roller holder is supported
axially by two pieces of legs thereof.

(19) The belt speed reducing apparatus for an elec-
tric power steering apparatus described in any one
of (12) through (15), characterized in that the tension
adjusting mechanism comprises a pulley holder ro-
tatably supporting the drive pulley and supported piv-
otably by the housing, and a pivot adjusting member
capable of adjusting an angle of pivoting the pulley
holder by engaging a front end thereof to be able to
adjust a distance between axis centers of the drive
pulley and the driven pulley and including the can-
celing expansion portion on a side of the front end.
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(20) The belt speed reducing apparatus for an elec-
tric power steering apparatus describedin (19), char-
acterized in that the pivot adjusting memberincludes
a pivot adjusting male screw portion for screwing with
a pivot adjusting female screw provided at the hous-
ing at a root portion thereof.

(21) An electric power steering apparatus character-
ized in comprising the belt speed reducing apparatus
described in any one of (12) through (20), a rack
shaft supported by the housing rotatably and mova-
bly in an axial direction and including a male screw
portion constituting a ball screw mechanism along
with a rack portion having rack teeth with which a
pinion rotated by a steering wheel is broughtin mesh,
a nut screwed with the male screw portion of the ball
screw mechanism via a ball for transmitting rotation
of the driven pulley, and an assisting motor support-
ed by the housing for driving to rotate the drive pulley.
(22) An electric power steering apparatus compris-
ing a housing, a drive belt, a drive pulley supported
rotatably by the housing, exerted with a rotation drive
force, and hung with the drive belt, a driven pulley
supported rotatably by the housing and rotated by
being transmitted with a power from the drive pulley
by being hung with the drive belt, and an assisting
motor for driving to rotate the drive pulley, wherein
the assisting motor includes a motor flange mounted
to the housing by a plurality of bolts, and the motor
flange is made to be pivotable relative to the housing
by constituting a fulcrum by a single piece of the
bolts.

(23) The electric power steering apparatus de-
scribed in (22), characterized in that the fulcrum is
arranged at a position at which an angle made by a
line connecting axis centers of the drive pulley and
the driven pulley and a line connecting the axis center
of the drive pulley and the fulcrum is made to be
equal to or smaller than 90 degrees.

(24) The electric power steering apparatus de-
scribed in (22), characterized in that an angle of a
harness take out port of the assisting motor made
by a line connecting axis centers of the drive pulley
and the driven pulley and a line connecting the axis
center of the drive pulley and the harness take out
port is equal to or smaller than 90 degrees.

(25) The electric power steering apparatus de-
scribed in (22), characterized in further comprising
an idler pulley for exerting a predetermined tension
to the drive belt.

(26) The electric power steering apparatus de-
scribed in (25),

characterized in that the idler pulley is arranged at a po-
sition at which an angle of making the belt wrap on the
drive pulley is increased.

[0029] According to the belt speed reducing apparatus
for an electric power steering of (1), the twist angle  and
the friction coefficient . are selected to establish the re-
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lationship of tan B< p between the twist angle § of the
respective helical gears and the friction coefficient p. be-
tween the first or the second helical gear and the third
helical gear. By selecting f and p in this way, a friction
force becomes larger than a force generated in a teeth
streak direction of the drive belt and the force of moving
the drive belt in the teeth streak direction is canceled by
the friction force. Therefore, a disadvantage inherently
provided to the drive belt having the helical gear, that is,
a force in the direction of the belt width (thrust force) is
restrained. Therefore, a force (face pressure) operated
between an end face of the drive belt and a face of a
flange provided to either of the drive pulley and the driven
pulley is weakened. Thereby, emittance of rustling sound
can be reduced. Further, since the face pressure is small,
wear can be reduced from being brought about and there-
fore, the durability of the drive belt can be promoted.
[0030] Further, according to the electric power steering
apparatus of (2), by establishing the relationship of tan
B<p between the twist angle B of the respective helical
gears and the friction coefficient n. between the first or
the second helical gear and the third helical gear, the
thrust force inherently provided to the helical gear is re-
duced a. Therefore, a large face pressure is not operated
to the face of the flange provided to either of the drive
pulley and the driven pulley and the end face of the drive
belt, thereby, the rustling sound and wear produced at
the belt speed reducing apparatus of a helical gear type
can be reduced. Further, the durability can be promoted
thereby.

[0031] Further, according tothe electric power steering
apparatus of (3), the assisting motor is provided with the
motor flange rotatably mounted to the housing of the elec-
tric power steering apparatus, the axis center of the motor
flange is in parallel with the axis center of the first rotating
member and is remote from the axis center of the first
rotating member by the predetermined dimension.
Therefore, by rotating the motor flange, the backlash can
be adjusted to the proper value by changing the position
of the first rotating member.

[0032] Further, according to the electric power steering
apparatus of (4), the first rotating member is the input
gear arranged coaxially with the rotating shaft of the as-
sisting motor, the second rotating member is the output
gear receiving the rotating power of the input gear. There-
fore, by rotating the motor flange, the axis center of the
input gear is rotated around the motor flange to vary an
interval of the input gear and the backlash can be adjust-
ed to the proper value. By the constitution, productivity
can be promoted by dispensing with complicated oper-
ation of matching or the like for searching a combination
providing an optimum backlash by selecting gears
brought in mesh with each other.

[0033] Further, according tothe electric power steering
apparatus of (5), the input gear is constituted integrally
with the rotating shaft of the assisting motor and there-
fore, anumber of parts of a bearing and the like is reduced
and fabrication cost can be reduced.
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[0034] Further, according tothe electric power steering
apparatus of (6), the drive converting apparatus is the
ball screw apparatus, the output gear transmits the rota-
tional power of the input gear to the nut of the ball screw
apparatus and therefore, the rack shaft can firmly be
moved.

[0035] Further, according tothe electric power steering
apparatus of (7), the drive converting apparatus is con-
stituted by the pinion coupled to the worm wheel shaft of
the worm gear speed reducing apparatus and the rack
shaft brought in mesh with the pinion, the first rotating
member is the worm coupled to the rotating shaft of the
assisting motor, the second rotating member is the worm
wheel brought in mesh with the worm. Therefore, by ro-
tating the motor flange, the backlash can be adjusted to
the proper value by changing the interval between the
axis center of the worm and the axis center of the worm
wheel. By the constitution, productivity can be promoted
by dispensing with the complicated operation of matching
or the like searching for a combination providing the op-
timum backlash by selecting gears brought in mesh with
each other.

[0036] Further, according tothe electric power steering
apparatus of (8), the worm is constituted integrally with
the rotating shaft of the assisting motor and therefore, a
number of parts of a bearing and the like is reduced and
fabrication cost can be reduced.

[0037] Further, according tothe electric power steering
apparatus of (9), the drive converting apparatus is the
ball screw apparatus, the firstrotating member is the drive
pulley arranged coaxially with the rotating shaft of the
assisting motor, the second rotating member is the driven
pulley driven by the drive pulley via the drive belt. There-
fore, the drive pulley is directly rotated by rotating the
rotating shaft of the assisting motor and therefore, effi-
cient power transmission can be carried out by eliminat-
ing transmission loss from the rotating shaft. Therefore,
even in the drive belt having a large dispersion of prod-
ucts, adjustment of the tension is facilitated to adjust and
productivity can be promoted.

[0038] Further, according tothe electric power steering
apparatus of (10), the drive pulley is constituted integrally
with the rotating shaft of the assisting motor and there-
fore, anumber of parts of a bearing and the like is reduced
and fabrication cost can be reduced.

[0039] Further, according tothe electric power steering
apparatus of (11), the gear apparatus constituted by the
input gear constituting the first rotating member and the
output gear constituting the second rotating member is
constituted by any gear apparatus including the spur
gear, the helical gear, the worm and the worm wheel.
Therefore, firm power transmission can be carried out by
a comparatively inexpensive apparatus without using a
complicated gear apparatus.

[0040] Further, according to the belt speed reducing
apparatus for an electric power steering of (12), the ten-
sion adjusting mechanism for adjusting the tension of the
drive belt is provided, the tension adjusting mechanism
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includes the canceling expansion portion comprising the
material producing the variation of the tension opposed
to the variation of the tension produced at the drive belt
when the temperature of the belt speed reducing appa-
ratus is varied. Therefore, an elastic member such as a
spring is not used and therefore, rotation from the assist-
ing motor can be transmitted to the driven pulley without
delay. Therefore, even when the direction of turning the
steering wheel is changed, a driver does not feel a dete-
rioration in a feeling, that is, a feeling as if the steering
wheel were caught by something owing to a delay in
transmission. Further, an increase in the tension of the
drive belt accompanied by temperature rise of the hous-
ing caused by not using the elastic member is canceled
by the tension adjusting mechanism and therefore, power
transmission is not hampered thereby.

[0041] Further, according to the belt speed reducing
apparatus for an electric power steering of (13), the drive
belt is the timing belt and therefore, since the timing belt
is a belt which is not elongated and rich in durability and
therefore, the timing belt can withstand sufficiently the
use of a long period of time.

[0042] Further, according to the belt speed reducing
apparatus for an electric power steering apparatus of
(14), the canceling expansion portion of the tension ad-
justing mechanism comprises the material having the lin-
ear expansion coefficient smaller than that of the material
of the housing. Therefore, even when the temperature
of the housing is elevated, the canceling expansion por-
tion is not thermally expanded as much as the housing
and therefore, a change in the tension by the temperature
can be canceled.

[0043] Further, according to the belt speed reducing
apparatus for an electric power steering of (15), the ma-
terials of the housing, the core wire of the drive belt and
the canceling expansion portion of the tension adjusting
mechanism are respectively aluminum, glass fiber and
ceramics. Therefore, owing to the materials, even when
the temperature of the housing is elevated, the materials
are not thermally expanded as much as the material of
the housing and therefore, the change in the tension by
the temperature can be canceled.

[0044] Further, according to the belt speed reducing
apparatus for an electric power steering apparatus of
(16), the tension adjusting mechanism is provided with
the roller holder supported pivotably by the housing, the
tension roller supported rotatably by the roller holder, and
the pivot adjusting member capable of adjusting the an-
gle of pivoting the roller holder by engaging the front end
therewith and having the canceling expansion portion on
the front end side in order to be able to adjust the position
of pressing the belt by the tension roller. Therefore, by
adjusting an amount of screwing the pivot adjustingmem-
ber, an initial tension thereof canbe adjusted.

[0045] Further, according to the belt speed reducing
apparatus for an electric power steering apparatus of
(17), the tension adjusting mechanism is provided with
the shaft supporting frame fixed to the housing and con-
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stituting the canceling expansion portion, the roller holder
supported pivotably by the shaft supporting frame, the
tension roller supported rotatably by the roller holder, and
the pivot adjustingmember capable of adjusting the angle
of pivoting the roller holder by engaging the front end
therewith in order to be able to adjust the position of
pressing the belt by the tension roller. Therefore, by ad-
justing the amount of screwing the pivot adjusting mem-
ber, an initial tension thereof can be adjusted.

[0046] Further, according to the belt speed reducing
apparatus for an electric power steering apparatus of
(18), the shaft supporting frame is constituted by the
C-shape, theroller holder is axially supported by two piec-
es of the legs and therefore, the roller holder can stably
be supported.

[0047] Further, according to the belt speed reducing
apparatus for an electric power steering apparatus of
(19), the tension adjusting mechanism is provided with
the pulley holder rotatably supporting the drive pulley and
supported pivotably by the housing, and the pivot adjust-
ing member capable of adjusting the angle of pivoting
the pulley holder by engaging the front end therewith and
having the canceling expansion portion on the front end
side in order to able to adjust the distance between the
axis centers of the drive pulley and the driven pulley.
Therefore, the attitude of the pulley holder is restrained
by the pivoting adjusting member, a position of the drive
pulley differs by the attitude of the pulley holder and there-
fore, by adjusting the amount of screwing the pivot ad-
justing member, the tension of the drive belt can be ad-
justed.

[0048] Further, according to the belt speed reducing
apparatus for an electric power steering apparatus of
(20), the pivot adjusting member includes the pivot ad-
justing male screw portion for screwing with the pivot
adjusting female screw portion provided at the housing
at the root portion and therefore, by extracting and re-
tracting the screw, the pivot adjusting member can ac-
curately be moved.

[0049] Further, according tothe electric power steering
apparatus of (21), the electric power steering apparatus
is provided with the rack shaft including the male screw
portion constituting the ball screw mechanism along with
the rack teeth portion supported by the housing unrotat-
ably and movably in the axial direction and brought in
mesh with the pinion rotated by the steering wheel, the
nut screwed with the male screw portion of the ball screw
mechanism via the ball and transmitted with rotation of
the driven pulley, and the assisting motor supported by
the housing for driving to rotate the drive pulley. There-
fore, by the electric power steering apparatus using the
belt speed reducing apparatus which does not use an
elastic member for maintaining the tension of the drive
belt constant, rotation from the assisting motor can be
transmitted to the driven pulley without delay. Therefore,
even when the direction of turning the steering wheel is
changed, the driver does not feel a deterioration in the
feeling previously explained, that is, the feeling as if the
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steering wheel were caught by something owing to the
delay in transmission.

[0050] Further, according tothe electric power steering
apparatus of (22), the assisting motor is provided with
the motor flange mounted to the housing by the plurality
of bolts, the motor flange can be pivoted by constituting
the fulcrum by a single piece of the bolts relative to the
housing. Therefore, by pivoting the motor flange by con-
stituting the fulcrum by the bolt, the distance between the
axis centers of the drive pulley and the driven pulley can
be changed and therefore, adjustment of the tension of
the drive belt can simply be carried out. Further, by using
the bolt as the fulcrum, the tension adjusting mechanism
can be constituted inexpensively without increasing a
number of parts.

[0051] Further, according tothe electric power steering
apparatus of (23), the fulcrum is arranged at the position
at which the angle made by the line connecting the axis
centers of the drive pulley and the driven pulley and the
line connecting the axis center of the drive pulley and the
fulcrumis made to be equal to or smallerthan 90 degrees.
Therefore, the distance between the axis centers of the
drive pulley and the driven pulley can considerably be
changed with respect to a small pivoting angle by the
assisting motor and a movable region of the assisting
motor can be set to be small.

[0052] Further, according tothe electric power steering
apparatus of (24), the angle of the harness take out port
of the assisting motor made by the line connecting the
axis centers of the drive pulley and the driven pulley and
the line connecting the axis center of the drive pulley and
the harness take out port is equal to or smaller than 90
degrees. Therefore, layout performance can be promot-
ed by preventing the harness take out port 308 in the
projected shape from being arranged at the position at
which there is a concern of interference with a vehicle
body, particularly, accessories at inside of an engine
room.

[0053] Further, according tothe electric power steering
apparatus of (25), the idler pulley for providing the pre-
determined tension to the drive belt is provided. There-
fore, adjustment of the tension can be carried out even
when a direction of moving the drive pulley by pivoting
the assisting motor is the direction which is not efficient
in adjusting the interval between the axis centers.
[0054] Further, according tothe electric power steering
apparatus of (26), the idler pulley is arranged such that
the angle of the drive pulley of beingmade to wrap on the
belt is increased and therefore, the durability of the drive
belt can be promoted.

<Brief Description of the Drawing>
[0055]
Fig. 1 is a partially broken front view showing a first

embodiment of the invention;
Fig.2 is a sectional view of an essential portion of a
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belt speed reducing apparatus;

Fig.3 is a view enlarging a surrounding of a drive
pulley,

Fig.4 is an explanative view showing a relationship
of forces exerted to a tooth face;

Fig.5is a sectional view of an essential portion show-
ing a second embodiment of the invention;

Fig.6 is a sectional view taken along a line VU-VI of
Fig. 5,

Fig.7 is a sectional view of an essential portion show-
ing a third embodiment of the invention;

Fig.8 is a sectional view of an essential portion show-
ing a fourth embodiment of the invention;

Fig.9is a sectional view of an essential portion show-
ing a fifth embodiment of the invention;

Fig.10 is a sectional view taken along a line X-X of
Fig.9;

Fig.11 is a sectional view of an essential portion
showing a sixth embodiment of the invention;
Fig.12 is a sectional view of an essential portion
showing a seventh embodiment of the invention;
Fig.13 is a sectional view of an essential portion
showing an eighth embodiment of the invention;
Fig .14 is a sectional view taken along a line XIV-XIV
of Fig.13;

Fig.15 is a sectional view of an essential portion
showing a ninth embodiment of the invention;
Fig.16 is a sectional view taken along a line XVI-XVI
of Fig.15;

Fig.17 is a sectional view of an essential portion
showing a tenth embodiment of the invention;
Fig.18 is a sectional view of an essential portion
showing an eleventh embodiment of the invention;
Fig.19 is a sectional view of an essential portion
showing a twelfth embodiment of the invention;
Fig.20 is a sectional view taken along a line XX-XX
of Fig. 19;

Fig . 21 is a cross-sectional view for explaining op-
eration of mounting a drive belt by removing a motor
flange portion from a rack housing of Fig.19;
Fig.22 is a sectional view taken along a line XXII-XXII
of Fig.21;

Fig.23 is a sectional view of an essential portion
showing a thirteenth embodiment of the invention;
Fig.24 is a sectional view taken along a line XXIV-XX-
IV of Fig.23;

Fig.25 is a view enlarging an essential portion ex-
plaining a tension adjusting mechanism portion;
Fig.26 is a view enlarging an essential portion taken
along a line XXVI-XXVI of Fig.27 for explaining a
shaft supporting frame of a fourteenth embodiment
of the invention;

Fig.27 is a sectional view of the fourteenth embodi-
ment in correspondence with Fig.24;

Fig.28 is a sectional view of an essential portion
showing a fifteenth embodiment of the invention;
Fig.29 is a sectional view of taken along line XX-
IX-XXIX of Fig.28;
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Fig.30 is a sectional view of an essential portion
showing a sixteenth embodiment of the invention;
Fig.31 is a left side view of Fig.30;

Fig.32 is a sectional view taken along a line XXX-
I1-XXXII of Fig.30;

Fig.33 is a sectional view of an essential portion
showing a modified example of the sixteenth embod-
iment of the invention;

Fig.34 is a sectional view taken along a line XXX-
IV-XXXXIV of Fig.33;

Fig.35 is a sectional view of a seventeenth embod-
iment in correspondence with Fig.32;

Fig.36 is a sectional view of an essential portion
showing an eighteenth embodiment of the invention;
Fig.37 is a sectional view taken along a line
XXXVI-XXXVII of Fig.36;

Fig.38 is a sectional view of an essential portion
showing a nineteenth embodiment of the invention;
Fig.39 is a left side view of Fig.38;

Fig.40 is a sectional view taken along a line
XXXX-XXXX of Fig.38; and

Fig. 41 is a cross-sectional view for explaining a con-
stitution of an essential portion of an electric power
steering apparatus of a background art.

[0056] Further, in the drawings, notations 10 and 40
and 90 and 100 and 110 and 140 and 150 and 160 and
190 and 220 and 230 and 240 and 250 and 280 and 290
and 300 and 340 and 350 and 360 designate electric
power steering apparatus, 11 and 251 designate hous-
ings, 12 and 68 and 126 and 176 and 252 and 317 des-
ignate rack shafts, 13 and 257 designate belt reducing
apparatus for electric power steering apparatus, 15a des-
ignates a pinion, 15b designates a torque detecting ap-
paratus, 16 and 41 and 111 and 161 and 191 and 254
and 301 designate assisting motors, 21 designates arack
portion, 22 and 74 and 255 designate male screw por-
tions, 23 and 75 and 253 designate nuts, 28 and 202 and
258 and 313 designate drive pulleys, 29 and 203 and
259 and 314 designate driven pulleys, 33 and 201 and
260and 315 designate drive belts, 34 designates an input
shaft, 35 designates a flange, 41 designates an assisting
motor, 44 and 114 and 164 and 194 designate motor
shafts (rotating shafts), 46 and 116 and 166 and 196 and
307 designate motorflanges, 51 designates aninputgear
(first rotating member), 52 designates an output gear
(second rotating member), 75 designates a nut, 76 des-
ignates a ball screw mechanism (ball screw apparatus),
120 designates aworm (first rotatingmember), 121 des-
ignates a worm wheel(second rotating member), 125 and
175 designate pinions, 170 designates a saddle-like
worm (first rotating member), 171 designates a worm
wheel (second rotating member), 261 designates a ten-
sion adjusting mechanism, 266 designates a roller hold-
er, 267 designates atension roller, 269 designates a pivot
adjustingmember, 273 designates a pivot adjusting male
screw portion, 274 designates a canceling expansion
portion, 281 designates a shaft supporting frame, 331,
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332 designate bolts, 310 designates a harness take out
portion, further, 361 designates an idler pulley.

<Best Mode For Carrying Out the Invention>

[0057] An explanation will be given of belt speed re-
ducing apparatus for electric power steering apparatus
and electric power steering apparatus according to re-
spective embodiments of the invention in details in ref-
erence to the drawings as follows.

(First Embodiment)

[0058] First, an explanation will be given of a belt speed
reducing apparatus for an electric power steering appa-
ratus and the electric power steering apparatus accord-
ing to a first embodiment of the invention in details in
reference to Fig.1 through Fig.4.

[0059] The electric power steering apparatus 10 ac-
cording to the first embodiment is provided with the hous-
ing 11, the rack shaft 12, the belt speed reducing appa-
ratus 13, a vehicle body attaching portion 14, a pinion
portion 15 and the assisting motor 16.

[0060] The housing 11 is provided with a two divisions
structure divided in two substantially at a center thereof
and comprising a right housing 17 and a left housing 18.
The rack shaft 12 is supported by the housing 11 movably
in an axial direction but being hampered from being ro-
tated at inside of the housing 11. Both ends of the rack
shaft 12 are projected from both ends of the housing 11.
The both ends are connected with a vehicle body side
steering mechanism for changing a direction of a wheel
such as a tie rod or the like. Projected portion thereof are
respectively covered by cover bellows 19, 20 to prevent
dust and dirt from invading from the both ends to inside
of the housing 11.

[0061] A center side of the rack shaft 12 is provided
with the rack portion 21 and the male screw portion 22
to align in the axial direction and the male screw portion
22 is screwed with the nut 23. The nut 23 is supported
by a rolling bearing 24 at inside of the right housing 17
rotatably but being constrained with regard to movement
in the axial direction. A ball is interposed between the
male screw portion 22 and a female screw portion of the
nut 23 to thereby constitute a ball screw mechanism.
[0062] The assisting motor 16 is provided at the left
housing 18 to make a motor shaft 25 in parallel with the
male screw portion 22. The motor shaft 25 is coupled
with the drive pulley 28 supported respectively by the
right housing 17 and the left housing 18 by rolling bear-
ings 26, 27.

[0063] The driven pulley 29 includes a through hole 30
(shown in Fig. 2) for penetrating the rack shaft 12 and is
supported by the housing 11 rotatably by rolling bearings
31, 32 on both sides thereof. The driven pulley 29 and
the nut 23 are coupled with each other by spline coupling
to thereby transmit rotation of the driven pulley 29 to the
nut 23. The drive pulley 28 and the driven pulley 29 are
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respectively formed with afirst and a second helical gear,
the drive belt 33 having a third helical gear for being
broughtin mesh with the firstand the second helical gears
is hung over between the two pulleys to constitute the
belt speed reducing apparatus 13. A description will be
given later of a twist angle of each of the helical gears.
[0064] The pinion portion 15 is provided with the input
shaft 34 forinputting a steering force from a handle (steer-
ing wheel), the pinion 15a and the torque detecting ap-
paratus 15b, and the input shaft 34 and the pinion 15a
are coupled with each other via a torsion bar of the torque
detecting apparatus 15b. The pinion 15a is brought in
mesh with rack teeth of the rack portion 21 of the rack
shaft 12.

[0065] Fig.3 and Fig.4 are respectively a view enlarg-
ing a vicinity of the drive pulley 28 and an explanative
view showing a relationship of forces exerted to a tooth
face. The pair of the flanges 35, 35 are provided at both
end faces of the drive pulley 28. The flanges 35, 35 are
flanges for preventing the drive belt 33 from being drawn
out. Further, the pair of flanges may not be provided at
the both end faces of the drive pulley 28 as in the em-
bodiment, or may be constituted to provide at both end
faces of the driven pulley 29. The drive belt 33 is provided
with the third helical gears (belt gears) having a twist
angle of B at equal intervals on an inner side periphery
thereof. The drive pulley 28 and the driven pulley 29 are
provided with the first and the second helical gears
brought in mesh with the belt gears similarly by a twist
angle of .

[0066] The twist angle B and a friction coefficient . are
selected such that a relationship of tan <. is established
between the twist angle  and the friction coefficient
between the drive belt 33 and each pulley, that is, the
friction coefficient n. between the first or the second hel-
ical gear and the third helical gear. By selecting B and
in this way, a friction force wFcosp becomes larger than
a force FsinP generated in a tooth streak direction of the
drive belt 33, and a force of moving the drive belt 33 in
the teeth streak direction is canceled by the friction force.
Therefore, a disadvantage inherently provided to the
drive belt 33 having the helical teeth, that is, a force in
the belt width direction (thrust force) is restrained and
therefore, a force (face pressure) operated between end
faces of the drive belt 33 and faces of the flanges 35, 35
is weakened. Thereby, emittance of rustling sound can
be reduced. Further since the face pressure is small,
wear can be reduced from being brought about and there-
fore, durability of the belt can be promoted.

[0067] Operation as a whole of the electric power
steering apparatus 10 is as follows. When the steering
wheel is operated, the rotation is transmitted to the input
shaft 34 to rotate the pinion 15a while twisting the torsion
bar via the torsion bar. Rotation of the pinion 15a is trans-
mitted to the rack shaft 12 and the rack shaft 12 is moved
in a left and right axial direction of Fig. 1.

[0068] Meanwhile, an amount of twisting the torsion
bar is detected by the torque detecting apparatus 15b.
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An output signal of the torque detecting apparatus 15b
is inputted to a control apparatus, not illustrated, to rotate
the assisting motor 16. A rotational force of the assisting
motor 16 is transmitted to the drive pulley 28, the drive
belt 33 and the driven pulley 29 to rotate the nut 23. The
rack 12 is moved in the axial direction by rotating the nut
23. A moving direction at this occasion coincides with a
direction of moving the pinion 15a and therefore, the pin-
ion 15a assists a force of moving the rack shaft 12. That
is, a rotational force of the steering wheel is assisted by
the assisting motor 16 and therefore, a driver feels as if
the steering wheel could be operated by a light force.
[0069] According tothe belt speed reducing apparatus
13 of the electric power steering apparatus 10 explained
above, the thrust force inherently provided to the helical
teeth is reduced. Therefore, a large face pressure is not
operated to the faces of the flanges 35, 35 of the drive
pulley 28 and the end face of the drive belt 33, thereby,
rustling sound and wear generated at the belt speed re-
ducing apparatus of the spiral gear type can be reduced.
Further, thereby, the durability of the drive belt 33 can be
promoted.

(Second Embodiment)

[0070] Next, an explanation will be given of an electric
power steering apparatus according to a second embod-
iment of the invention in reference to Fig. 5 and Fig. 6.
Further, according to the embodiment, a gear reducing
mechanism using a helical gear is adopted.

[0071] In the electric power steering apparatus 40 ac-
cording to the second embodiment, the assisting motor
41 is provided with a stator 42 and a rotor 43 and one
end of the motor shaft 44 fixed to the rotor 43 is fixed with
an extended portion 45. The extended portion 45 of the
motor shaft 44 is supported by a bearing 47 held by the
motor flange 46, other end of the motor shaft 44 is sup-
ported by a bearing 49 held by a motor housing 48 and
the motor shaft 44 is rotatably supported thereby.
[0072] Inordertoavoidinterference betweenthe motor
housing 48 and a rack shaft housing 50, a distance be-
tween axis centers of the input gear and the output gear
52 is constituted to be large and the input gear 51 and
the output gear 52 are constituted to be brought in mesh
with each other via a middle gear 53.

[0073] The input gear 51 constituting a first rotating
member, the middle gear 53, and the output gear 52 con-
stituting a second rotating member are held at inside of
a housing constituted by the rack shaft housing 50, a
gear housing 54, and a rack shaft housing 55 on a side
of a ball screw.

[0074] Shafts 56 and 57 of the input gear 51 are re-
spectively supported by a bearing 58 held by the rack
shaft housing 50 and a bearing 59 held by the gear hous-
ing 54. Further, an extended portion 60 of the input gear
51 and the extended portion 45 of the motor shaft 44 are
subjected to spline coupling SP. Further, a belleville
spring 61 is interposed between an outer ring of the bear-
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ing 59 supporting the shaft 57 of the input gear 51 and
the gear housing 54 to apply prepressure to the input
gear 51 in an axial direction toward the side of the motor
via the bearing 59 to thereby prevent rattling in the axial
direction.

[0075] Shafts 62 and 63 of the middle gear 53 are re-
spectively held by a bearing 64 held by the rack shaft
housing 50 and a bearing 65 held by the gear housing
54. Further, a holding plate 66 is interposed between an
outer ring of the bearing 64 supporting the shaft 62 of the
middle gear 53 and the rack shaft housing 50. The holding
plate 66 is pressed by a bolt 67 mounted to the rack shaft
housing 50 to apply prepressure in an axial direction to
the middle gear 53 to prevent rattling in the axial direction.
[0076] The output gear 52 is formed in a cylindrical
shape and penetrated with the rack shaft 68 at inside
thereof. Shafts 69 and 70 formed on outer sides of both
end portions in an axial direction of the output gear 52
are respectively held by a bearing 71 held by the rack
shaft housing 50 and a bearing 72 held by the gear hous-
ing 54. Further, a spline groove 73 is formed at an inner
face in a cylindrical face of the output gear 52.

[0077] The rack shaft 68 coupled with a steering wheel
shaft, not illustrated, via a pinion rack mechanism is
formed with the male screw portion (spiral groove) 74,
the nut 75 is arranged on an outer side of the male screw
portion 74, and a number of balls 76 are inserted to fit
between the male screw portion 74 of the rack shaft 68
and a female screw portion of the nut 75 to thereby con-
stitute-a ball screw mechanism 77.

[0078] The nut 75 of the ball screw mechanism 77 is
rotatably supported by a bearing 78 arranged at inside
of the rack shaft housing 50. A spline projected streak
80 is formed on an outer side of an extended portion 79
of one end of the nut 75 and the spline projected streak
80 and the spline groove 73 formed at the inner face of
the output gear 52 are subjected to spline coupling SP.
[0079] In the above-described constitution, a driving
rotational force of the assisting motor 41 driven by a con-
trol apparatus, not illustrated, based on a steering torque
of a steering wheel shaft detected by the torque detecting
apparatus 15b (refer to Fig.1) is transmitted to the nut 75
of the ball screw mechanism 77 via the input gear 151,
the middle gear 53 and the output gear 52. Further, steer-
ing is carried out by changing a direction of a wheel by
moving the rack shaft 68 in the axial direction by rotating
the nut 75.

[0080] Next, an explanation will be given of adjustment
of a backlash. Adjustment of a backlash between the
input gear 51 and the middle gear 53 is carried out by
adjusting an interval between axis centers of the two
gears. Thatis, acylindrical member 81 of the motorflange
46 is rotatably fitted to a cylindrical recess portion 82 of
the rack shaft housing 50. Further, the motor flange 46
supports the motor shaft 44 by the bearing 47 arranged
at inside thereof. An axis center A1 of the motor shaft 44
and the input gear 51 and an axis A2 of the cylindrical
member 81 formed at an outer portion of the motor flange
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46 are eccentric from each other by a dimensiorr s as
shown by Fig.6.

[0081] Therefore, when the cylindrical member 81 of
the motor flange 46 is rotated in a state of mounting the
cylindrical member 81 to the cylindrical recess portion
82, the axis center A1 of the motor shaft 44 and the input
gear 51 is rotated around the axis center A2 of the cylin-
drical member 81 of the motor flange 46, an interval T of
the axis center A1 of the input gear 51 relative to an axis
center B of the middle gear 53 is varied, a depth of bring-
ing the input gear 51 and the middle gear 53 in mesh with
each other is changed and therefore, adjustment of the
backlash can be carried out.

[0082] In adjusting the backlash between the middle
gear 53 and the output gear 52, adjustment of the back-
lash is carried out by selecting a combination of the mid-
dle gear 53 and the output gear 52 providing an optimum
backlash amount by matching finish dimensions, that is,
measuring finish dimensions of the middle gear 53 and
the output gear 52.

[0083] According to electric power steering apparatus
40 explained above, when the middle gear 53 and the
output gear 52 providing the optimum backlash by match-
ing are determined, thereafter, adjustment of the back-
lash between the input gear 51 and the middle gear 53
can be carried out by only rotating the motor flange 46.

(Third Embodiment)

[0084] Next, an electric power steering apparatus ac-
cording to a third embodiment of the invention will be
explained in reference to Fig.7. Further, a gear speed
reducing mechanism using a helical gear is adopted also
in the embodiment. Further, a sectional view taken along
a line VI- VI of Fig.7 is the same as that shown in Fig.6
and therefore, illustration thereof will be omitted.

[0085] A point of difference of the third embodiment
from the second embodiment resides in that the motor
shaft 44 and the input gear 51 are integrally constituted
and held by three pieces of the bearings 49, 47 and 59
and that an inner ring of the bearing 59 is pressed by a
nut 91 mounted to a shaft end portion of the input gear
51 and prepressure is applied to the bearing 47 and the
bearing 59 to prevent rattling in an axial direction. The
other constitution is the same as that of the second em-
bodiment and therefore, the same members are attached
the same notations and a detailed explanation thereof
will be omitted.

[0086] In the electric power steering apparatus 90 ac-
cording to the third embodiment, also adjustment of the
backlash is the same as that in the second embodiment,
when the cylindrical member 81 of the motor flange 46
is rotated in the state of being mounted to the cylindrical
recess portion 82 of the rack shaft housing 50, the axis
center A1 of the input gear 51 constituting the motor shaft
44 and the first rotating member is rotated around the
axis center A2 of the cylindrical member 81 of the motor
flange 46, the interval T of the axis center A1 of the input
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gear 51 relative to the axis center B of the middle gear
53 is changed (refer to Fig.6), the depth of bringing the
input gear 51 and the middle gear 53 in mesh with each
other is changed and therefore, adjustment of the back-
lash can be carried out.

[0087] In adjusting the backlash between the middle
gear 53 and the output gear 52, adjustment of the back-
lash is carried out by selecting a combination of the mid-
dle gear 53 and the output gear 52 providing an optimum
backlash amount by matching finish dimensions, that is,
measuring finish dimensions of the middle gear 53 and
the output gear 52.

[0088] According to the electric power steering appa-
ratus 90 explained above, when the combination of the
gears providing the optimumbacklash is determined by
matching the middle gear 53 and the output gear 52,
thereafter, adjustment of backlash between the input
gear 51 and the middle gear 53 can be carried out only
by rotating the motor flange 46.

(Fourth Embodiment)

[0089] Next, an electric power steering apparatus ac-
cording to a fourth embodiment of the invention will be
explained in reference to Fig. 8. Further, a gear speed
reducing mechanism using a helical gear is adopted also
in the embodiment. Further, a sectional view taken along
a line VI- VI of Fig.8 is the same as that shown in Fig. 6
and therefore, illustration thereof will be omitted.

[0090] A point of difference of the fourth embodiment
from the second embodiment resides in that the motor
shaft 44 and the input gear 51 are integrally constituted
and held by two pieces of the bearings 49 and 59 and
that the bearing 59 is constituted by a four points contact
ball bearing to prevent rattling in the axial direction. The
other constitution is the same as that of the second em-
bodiment and therefore, the same members are attached
with the same notations and a detailed explanation there-
of will be omitted.

[0091] Inthe electric power steering apparatus 100 ac-
cording to the fourth embodiment, adjustment of the
backlash is the same as that of the second embodiment,
when the cylindrical member 81 of the motor flange 46
is rotated in the state of being mounted to the cylindrical
recess portion 82 of the rack shaft housing 50, the axis
center A1 of the motor shaft 44 and the input gear 51
constituting the first rotating member is rotated around
the axis center A2 of the cylindrical member 81 of the
motor flange 46, the interval T of the axis center A1 of
the input gear 51 relative to the axis center B of the middle
gear 53 is changed (refer to Fig. 6), the depth of bringing
the input gear 51 and the middle gear 53 in mesh with
each other is changed and therefore, adjustment of the
backlash can be carried out.

[0092] In adjusting the backlash between the middle
gear 53 and the output gear 52, adjustment of the back-
lash is carried out by selecting a combination of the mid-
dle gear 53 and the output gear 52 providing the optimum
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backlash amount by matching finish dimensions, that is,
measuring finish dimensions of the middle gear 53 and
the output gear 52.

[0093] According to the electric power steering appa-
ratus 100 explained above, when the combination of the
gears providing the optimum backlash is determined by
matching the middle gear 53 and the output gear 52,
thereafter, adjustment of the backlash between the input
gear 51 and the middle gear 53 can be carried out only
by rotating the motor flange 46.

(Fifth Embodiment)

[0094] Next, an electric power steering apparatus ac-
cording to a fifth embodiment of the invention will be ex-
plained in reference to Fig. 9 and Fig. 10. Further, ac-
cording to the embodiment, a worm gear speed reducing
mechanism using a worm and a worm wheel is adopted.
[0095] Inthe electric power steering apparatus 110 ac-
cording to the fifth embodiment, an assisting motor 111
is provided with a stator 112 and a rotor 113, and an
extended portion 115 is fixed to one end of the motor
shaft 114 fixed to the rotor 113. The extended portion
115 of the motor shaft 114 is supported by a bearing 117
held by the motor flange 116, other end of the motor shaft
114 is supported by a bearing 119 held by a motor hous-
ing 118, and the motor shaft 114 is rotatably supported.
[0096] In reference to Fig. 10, the worm 120 and the
worm wheel 121 are held at inside of a housing consti-
tuted by a rack shaft housing 122 and a steering shaft
housing 123. The pinion 125 formed at an extended por-
tion of a steering shaft 124 attached with the worm wheel
121 and a rack shaft 126 brought in mesh with the pinion
125 are contained in the rack shaft housing 123 and the
motor flange 116 is rotatal by mounted thereto. The con-
stitution relates to adjustment of a backlash explained
later.

[0097] A shaft 128 and a shaft 129 of the worm 120
are supported by a bearing 130 and a bearing 131 held
by the motor flange 116, rubber dampers 132 and 133
are interposed between the shaft 128 and the shaft 129
of the worm 120 and the bearing 130 and the bearing
131 to alleviate impact in an axial direction transmitted
from the worm wheel 121 to the worm 120 and prevent
rattling in the axial direction.

[0098] The extended portion 115 of the motor shaft
114 and the shaft 128 of the worm 120 are subjected to
spline coupling SP.

[0099] In the above-described constitution, a driving
rotational force of assisting motor 111 driven by a control
apparatus, not illustrated, based on the steering torque
of the steering shaft detected by the torque detecting
apparatus 15b (refer to Fig. 1) is transmitted to the rack
shaft 126 via the worm 120, the worm wheel 121 and the
pinion 125 and the rack shaft 126 is moved in the axial
direction to change the direction of the wheel to carry out
steering.

[0100] Next, an explanation will be given of adjustment
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of abacklash between the worm 120 and the worm wheel
121. A cylindrical member 134 of the motor flange 116
is rotatably fitted to a cylindrical recess portion 135 of the
rack shaft housing 112. Further, the motor flange 116
supports the shaft 128 and the shaft 129 of the worm 120
by the bearings 130 and 131 arranged at inside thereof.
An axis center A1 of the shaft 128 and the shaft 129 of
the worm 120 and an axis center A2 of the cylindrical
member 134 formed at an outer portion of the motor
flange 116 are eccentric from each other by a dimension
s as shown by Fig.10.

[0101] Therefore, when the cylindrical member 134 of
the motor flange 116 is rotated in a state of being mounted
to the cylindrical recess portion 135 of the rack shaft
housing 122, the axis center A1 of the worm 120 is rotated
around the axis center A2 of the cylindrical member 134
of the motor flange 116 (refer to Fig.10), an interval be-
tween the axis center of the worm 120 and the axis center
of the worm wheel 121 is varied to change a depth of
bringing the worm 120 and a wormwheel 121 in mesh
with each other and therefore, adjustment of the backlash
can be carried out.

(Sixth Embodiment)

[0102] Next, an electric power steering apparatus ac-
cording to a sixth embodiment of the invention will be
explained in reference to Fig. 1. Further, a worm gear
speed reducing mechanism using a worm and a worm
wheel is adopted also in the embodiment. Further, a sec-
tional view taken along a line (J-(1J of Fig.11 is the same
as that shown in Fig.10 and therefore, illustration thereof
will be omitted.

[0103] A point of difference of the sixth embodiment
from the fifth embodiment resides in that the motor shaft
114 and the worm 120 are integrally constituted and sup-
ported by three pieces of bearings of the bearing 119
held by the motor housing 118, and the bearing 130 and
the bearing 131 held by the motor flange 116, and pre-
pressure is applied to the bearing 130 and the bearing
131 by a nut 141 provided at a shaft held of the worm 12
0 to prevent rattling in an axial direction. The other con-
stitution is the same as that of the fifth embodiment and
therefore, the same members are attached with the same
notations and a detailed explanation thereof will be omit-
ted.

[0104] Inthe electric power steering apparatus 140 ac-
cording to the sixth embodiment, adjustment of the back-
lash is also the same as that of the fifth embodiment,
when the cylindrical member 134 of the motor flange 116
is rotated in the state of being mounted to the cylindrical
recess portion 135 of the rack shaft housing 122, the axis
center A1 of the worm 120 is rotated around the axis
center A2 of the cylindrical member 134 of the motor
flange 116 (refer to Fig.10), the interval between the axis
center of the worm 120 and the axis center of the worm
wheel 121 is varied to change the depth of bringing the
worm 120 and the worm wheel 121 in mesh with each
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other and therefore, adjustment of the backlash can be
carried out.

(Seventh Embodiment)

[0105] Next, an electric power steering apparatus ac-
cording to a seventh embodiment of the invention will be
explained in reference to Fig.12. Further, a worm gear
speed reducing mechanism using a worm and a worm
wheel is adopted also in the embodiment. Further, a sec-
tional view taken along a line X- X of Fig.12 is the same
as that shown in Fig.10 and therefore, illustration thereof
will be omitted.

[0106] A pointofdifference of the seventh embodiment
from the fifth embodiment resides in that the motor shaft
114 and the worm 120 are integrally constituted and held
by two pieces of bearings of the bearing 119 held by the
motor housing 118 and the bearing 131 held by the motor
flange 116, and the bearing 131 is constituted by a four
points contact ball bearing to prevent rattling in the axial
direction. The other constitution is the same as that of
the fifth embodiment and therefore, the same members
are attached with the same notations and a detailed ex-
planation thereof will be omitted.

[0107] Inthe electric power steering apparatus 150 ac-
cording to the seventh embodiment, adjustment of the
backlash is also the same as that of the fifth embodiment,
when the cylindrical member 134 of the motor flange 116
is rotated in the state of being mounted to the cylindrical
recess portion 135 of the rack shaft housing 122, the axis
center A1 of the shaft 128 and the shaft 129 of the worm
120 is rotated around the axis center A2 of the cylindrical
member 134 of the motor flange 116, the interval between
the axis center of the worm 120 and the axis center of
the worm wheel 121 is varied to change the depth of
bringing the worm 120 and the worm wheel 121 in mesh
with each other and therefore, adjustment of the backlash
can be carried out.

(Eighth Embodiment)

[0108] Next, an electric power steering apparatus ac-
cording to an eighth embodiment of the invention will be
explained in reference to Fig. 13 and Fig. 14. Further, a
worm gear speed reducing mechanism using a saddle
type worm and the worm wheel is adopted.

[0109] Inthe electric power steering apparatus 160 ac-
cording to the eighth embodiment, an assisting motor
161 is provided with a stator 162 and a rotor 163, and an
extended portion 165 is fixed to one end of the motor
shaft 164 fixed to the rotor 163. The extended portion
165 of the motor shaft 164 is supported by a bearing 167
held by the motor flange 166 and the motor shaft 164 is
rotatably supported.

[0110] Inreference to Fig. 14, according to the electric
power steering apparatus 160 of the eighth embodiment,
the saddle type worm 170 and the worm wheel 171 are
held at inside of a housing constituted by a rack shaft
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housing 172 and a steering shaft housing 173. The pinion
175 formed at an extended portion of a steering shaft
174 attached with the worm wheel 171 and a rack shaft
176 brought in mesh with the pinion 175 are contained
inthe rack shaft housing 172 and further, the motor flange
166 is rotatably mounted thereto. The constitution relates
to adjustment of the backlash explained later.

[0111] The extended portion 165 of the motor shaft
164 and a shaft 178 of the saddle type worm 170 are
subjected to spline coupling SP.

[0112] In the above-described constitution, a driving
rotational force of the assisting motor 161 driven by a
control apparatus, not illustrated, based on the steering
torque of the steering shaft detected by the torque de-
tecting apparatus 15b (refer to Fig.1) is transmitted to the
rack shaft 176 via the saddle type worm 170, the worm
wheel 171 and the pinion 175, and the rack shaft 176 is
moved in an axial direction to change the direction of the
wheel to carry out steering.

[0113] An explanation will be given of adjustment of a
backlash between the saddle type worm 170 and the
worm wheel 171. A cylindrical member 179 of the motor
flange 166 is rotatably attached to a cylindrical recess
portion 180 of the rack shaft housing 172. Further, the
motor flange 166 supports the shaft 178 and a shaft 183
of the saddle type worm 170 by a bearing 181 and a
bearing 182 arranged at inside thereof. An axis center
A1 of the shaft 178 and the shaft 183 of the saddle type
worm 170 and an axis center A2 of the cylindrical member
179 formed at an outer portion of the motor 166 are ec-
centric from each other by a dimension s as shown by
Fig.14.

[0114] Therefore, when the cylindrical member 179 of
the motor flange 166 is rotated in a state of being mounted
to the cylindrical recess portion 180 of the rack shaft
housing 172, the axis center A1 of the shaft 178 and the
shaft 183 of the saddle type worm 170 is rotated around
the axis center A2 of the cylindrical member 179 of the
motor flange 166, an interval between the axis center of
the saddle type worm 170 and the axis center of the worm
wheel 171 is varied to change a depth of bringing the
saddle type worm 170 and the worm wheel 171 in mesh
with each other and adjustment of the backlash can be
carried out.

(Ninth Embodiment)

[0115] Next, an electric power steering apparatus ac-
cording to a ninth embodiment of the invention will be
explained in reference to Fig. 15 and Fig.16. Further,
according to the embodiment, a belt speed reducing ap-
paratus using a drive belt is adopted. Further, a steering
shaft, a pinion rack mechanism and a ball screw mech-
anism are the same as those of the second embodiment
and therefore, the same members are attached with the
same notations and a detailed explanation thereof will
be omitted.

[0116] Inthe electric power steering apparatus 190 ac-
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cording to the ninth embodiment, the assisting motor 191
is provided with a stator 192 and a rotor 193, and an
extended portion 195 is fixed to one end of the motor
shaft 194. The extended portion of the motor shaft 194
is supported by a bearing 197 held by a motor flange
196, other end of the motor shaft 194 is supported by a
bearing 199 held by a motor housing 198, and the motor
shaft 194 is rotatably supported. A motor flange lid 200
is attached to an end face of the motor flange 196. This
is for facilitating to mount the drive belt 201, mentioned
later.

[0117] The drive pulley 202 and the driven pulley 203
are held at inside of a housing constituted by a rack hous-
ing 204, a pulley housing 205 and a rack housing 206 on
a side of a ball screw.

[0118] A shaft 207 and a shaft 208 of the drive pulley
202 are respectively supported by a bearing 209 held by
the rack housing 204 and a bearing 210 held by the pulley
housing 205. Further, an extended portion 211 of the
shaft 207 of the drive pulley 202 and the extended portion
195 of the motor shaft 194 are subjected to spline cou-
pling SP.

[0119] The driven pulley 203 is formed in a cylindrical
shape and is penetrated with the rack shaft 68 at inside
thereof. A shaft 212 and a shaft 213 formed at outer sides
of both end portions in an axial direction of the driven
pulley 203 are respectively supported by a bearing 214
held by the rack housing 204 and a bearing 215 held by
the pulley housing 205. Further, a spline groove 216 is
formed at an inner face in a cylindrical shape of the driven
pulley 203.

[0120] As shown by Fig.16, a portion of an inner side
of the motor flange 196 (portion surrounded by the drive
belt 201) is notched to open as a path of the drive belt
201, the drive belt 201 is hung over between the drive
pulley 202 and the driven pulley 203 and rotation of the
drive pulley 202 is transmitted to the driven pulley 203
via the drive belt 201.

[0121] When the drive belt 201 is made to wrap be-
tween the drive pulley 202 and the driven pulley 203, the
drive belt 201 can be made to wrap between the drive
pulley 202 and the driven pulley 203 by removing the
pulley housing 205 from the rack housing 204 and re-
moving the motor flange lid 200 at the end face of the
motor flange 196.

[0122] The male screw portion 74 is formed at the rack
shaft 68 coupled with a steering shaft, not illustrated, via
a pinion rack mechanism, the nut 75 is arranged on the
outer side of the male screw portion 74, and a number
of the balls 76 are inserted to fit to between the male
screw portion 74 of the rack shaft 68 and a female screw
portion of the nut 75 to constitute the ball screw mecha-
nism 77.

[0123] The nut 75 of the ball screw mechanism 77 is
rotatably supported by the bearing 78 arranged at inside
of the rack housing 206. The spline projected streak 80
is formed on the outer side of the extended portion of one
end of the nut 75 and the spline projected portion 80 and
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the spline groove 216 formed atan innerface of the driven
pulley 203 are subjected to spline coupling SP.

[0124] In the above-described constitution, a driving
rotational force of the assisting motor 191 driven by a
control apparatus, not illustrated, based on the steering
torque of the steering shaft detected by the torque de-
tecting apparatus 15b (refer to Fig.1) is transmitted to the
nut 75 of the ball screw mechanism 77 via the drive pulley
202 and the driven pulley 203. Further, the rack shaft 68
is moved in the axial direction by rotating the nut 75 to
change the direction the wheel to carry out steering.
[0125] Next, an explanation will be given of adjustment
of a tension of the drive belt 201 hung over between the
drive pulley 202 and the driven pulley 203. In the speed
reducing mechanism using the drive belt, it is necessary
to set the tension of the drive belt in a proper range, since
the dispersion among products of the drive belt is larger
than that of a gear and therefore, it is difficult to set the
tension of the drive belt in the proper range by matching
the drive belt and the pulleys, further, also in view of in-
tegrating operation, there is needed a constitution capa-
ble of adjusting a distance between axis centers of the
input pulley and the output pulley.

[0126] Adjustment of the tension of the drive belt 201
hung over between the drive pulley 202 and the driven
pulley 203 is carried out by the following constitution.
That s, a cylindrical member 217 of the motor flange 196
is rotatably fitted to a cylindrical recess portion 218 of the
rack housing 204. Further, the motor flange 196 supports
the drive pulley 202 by the bearing 209 arranged atinside
thereof. An axis center A1 of the drive pulley 202 and an
axis center A2 of the cylindrical member 217 arranged
at an outer portion of the motor flange 196 are eccentric
from each other by a dimension s as shown by Fig.16.
[0127] Therefore, when the cylindrical member 217 of
the motor flange 196 is rotated in a state of being mounted
to the cylindrical recess portion 218 of the rack housing
204, the axis center A1 of the drive pulley 202 is rotated
around the axis center A2 of the cylindrical member 217
of the motor flange 196, a distance T between the axis
centers of the drive pulley 202 relative to the driven pulley
203 is changed and adjustment of the tension of the drive
belt 201 can be carried out.

(Tenth Embodiment)

[0128] Next, an electric power steering apparatus ac-
cording to a tenth embodiment will be explained in refer-
ence to Fig.17. Further, according to the embodiment, a
belt reducing apparatus using a drive belt is adopted.
Further, a sectional view taken along a line XVI-XVI of
Fig.17 is the same as that shown in Fig.16 and therefore,
illustration thereof will be omitted.

[0129] A point of difference of the tenth embodiment
from the ninth embodiment of the electric power steering
apparatus 220 resides in that the motor shaft 194 and
the drive pulley 202 are integrally constituted and held
by three pieces of the bearing 199, the bearing 197 and
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the bearing 210. The other constitution is the same as
that of the ninth embodiment and therefore, the same
members are attached with the same notations and a
detailed explanation thereof will be omitted.

[0130] Also adjustment of the tension of the drive belt
201 hung over between the drive pulley 202 and the driv-
enpulley 203 is the same as that of the ninthembodiment,
when the cylindrical member 217 of the motor flange 196
is rotated in the state of being mounted to the cylindrical
recess portion 218 of the rack housing 204 (refer to Fig.
16), the axis center A1 of the drive pulley 202 is rotated
around the axis center A2 of the cylindrical member 217
of the motor flange 196, the distance T between the axis
centers of the drive pulley 202 relative to the driven pulley
203 is changed, and the tension of the drive belt 201 can
be adjusted.

(Eleventh Embodiment)

[0131] Next, an electric power steering apparatus ac-
cording to an eleventh embodiment of the invention will
be explained in reference to Fig.18. Further, according
to the embodiment, a belt speed reducing apparatus us-
ing adrive beltis adopted. Further, a sectional view taken
along a line XVI-XVI of Fig. 18 is the same as that shown
in Fig.16 and therefore, illustration thereof will be omitted.
[0132] A point of difference of the electric power steer-
ing apparatus 230 from the ninth embodiment resides in
that the motor shaft 194 and the drive pulley 202 are
integrally constituted and is held by two pieces of the
bearings 199 and 210. The other constitution is the same
as that of the ninth embodiment and therefore, the same
members are attached with the same notations and a
detailed explanation thereof will be omitted.

[0133] Also adjustment of the tension of the drive belt
201 hung over between the drive pulley 202 and the driv-
en pulley 203 is the same as that of the ninth embodiment,
when the cylindrical member 217 of the motor flange 196
is rotated in the state of being mounted to the cylindrical
recess portion 218 of the rack housing 204 (refer to
Fig.16), the axis center A1 of the drive pulley 202 is ro-
tated around the axis center A2 of the cylindrical member
217 of the motor flange 196, the distance T between the
axis centers of the drive pulley 202 relative to the driven
pulley 203 is changed, and adjustment of the tension of
the drive belt 201 can be carried out.

(Twelfth Embodiment)

[0134] Next, an electric power steering apparatus ac-
cording to a twelfth embodiment of the invention will be
explained in reference to Fig.19 through Fig.22. Further,
according to the embodiment, a belt speed reducing ap-
paratus using a drive belt is adopted.

[0135] A point of difference of the electric power steer-
ing apparatus 240 according to the twelfth embodiment
from the tenth embodiment resides in that an outer side
of the motor flange 196 is opened. The other constitution
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is the same as that of the tenth embodiment and there-
fore, the same members are attached with the same no-
tations and a detailed explanation thereof will be omitted.
[0136] In the electric power steering apparatus 240,
the motor shaft 194 and the drive pulley 202 are integrally
constituted and held by three pieces of the bearings 199,
197 and 210.

[0137] Asshown by Fig. 20, a large portion of the outer
side of the motor flange 196 (a portion disposed on an
outer side of a portion surrounded by the drive belt 201)
is notched to open as a path of the drive belt 201, the
drive belt 201 is hung over between the drive pulley 202
and the driven pulley 203, and rotation of the drive pulley
202 is transmitted to the driven pulley 203 via the drive
belt 201.

[0138] Also adjustment of the tension of the drive belt
201 hung over between the drive pulley 202 and the driv-
enpulley 203 is the same as that of the tenth embodiment,
when the cylindrical portion 217 of the motor flange 196
is rotated in the state of being mounted to the cylindrical
recess portion 218 of the rack housing 204, the axis cent-
er A1 of the drive pulley 202 is rotated around the axis
center A2 of the cylindrical member 217, the distance T
between the axis centers of the drive pulley 202 relative
to the driven pulley 203 is changed, and adjustment of
the tension of the drive belt 201 can be carried out.
[0139] Asshownby Fig. 21 and Fig. 22, when the drive
belt 201 is hung over between the drive pulley 202 and
the driven pulley 203, first, the assisting motor 191 is
attached to the motor flange 196, and the drive belt 201
is hung over the drive pulley 202. Next, the pulley housing
205 may be removed from the rack housing 204, the drive
belt 201 may be hung over the driven pulley 203, the
pulley housing 205 may be mounted to the rack housing
204, and the motor flange 196 may be fixed to the pulley
housing 205.

[0140] According to the electric power steering appa-
ratus 240, the motor flange 196 can be attached to the
pulley housing 205 without disassembling the motor
flange 196 attached with the assisting motor 191 and the
driving belt 201, further, it is not necessary to provide the
flange lid at the end portion of the motor flange 196, a
number of parts can be reduced and a number of inte-
grating steps can be reduced.

(Thirteenth Embodiment)

[0141] Next, a belt speed reducing apparatus for an
electric power steering apparatus and the electric power
steering apparatus according to a thirteenth embodiment
of the invention will be explained in reference to Fig.23
through Fig.25.

[0142] The electric power steering apparatus 250 ac-
cording to the thirteenth embodiment is provided with the
housing 251, the rack shaft 252, the nut 253, and the
assisting motor 254.

[0143] The rack shaft 252 is supported by the housing
251 to be unable to rotate and movably in an axial direc-
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tion (up and down direction in Fig.23), and is provided
with the male screw portion 255 constituting a ball screw
mechanism along with the rack portion 21 (refer to Fig.1)
having the rack teeth with which the pinion 15a (refer to
Fig.1) rotated by the handle (steering wheel) is brought
in mesh.

[0144] Afemale screw portionofthe nut253isscrewed
with the male screw portion 255 via the nut, and the nut
253 is supported by a bearing 256 rotatably relative to
the housing 251 and unmovably in the axial direction. A
circulating ball is interposed between the male screw por-
tion 255 and the female screw portion of the nut 253 to
thereby constitute the ball screw mechanism. When the
assisting motor 254 is rotated, the rotation is transmitted
to the nut 253 via the belt speed reducing apparatus 257
for the electric power steering apparatus to be explained
successively, thereby, the rack shaft 252 is moved in the
axial direction.

[0145] The belt speed reducing apparatus 257 is pro-
vided with the drive pulley 258, the driven pulley 259, the
drive belt 260, and the tension adjusting mechanism 261.
The drive belt 260 is hung over between the drive pulley
258 provided at the motor shaft of the assisting motor
254 and the driven pulley 259 supported by the housing
rotatably and to be unable to move in the axial direction,
and rotation of the assisting motor 254 is transmitted to
the driven pulley 259. Glass fiber is used for a core wire
of the drive belt 260 as a material. Further, according to
the example, a belt formed with teeth on an inner side
thereof and referred to as an assuredly moving belt or a
timing belt is used for the drive belt 260. Therefore, outer
sides of the drive pulley 258 and the driven pulley 259
are formed with teeth brought in mesh with the teeth.
[0146] Thedriven pulley 259 is provided with a through
hole 262 and the through hole 262 is penetrated by the
rack shaft 252. The driven pulley 259 is supported by
bearings 263 and 263 rotatably relative to the housing
251 and unmovably in the axial direction. A spline groove
264 is formed of one side (lower side of Fig.23) of the
driven pulley 259 and the spline groove 264 and a spline
projected streak 265 formed at the female screw 253 are
subjected to spline coupling. By the spline coupling, only
rotation of the driven pulley 259 is transmitted to the nut
253.

[0147] The tension adjusting mechanism 261 of the
thirteenth embodiment is provided with a roller holder
266, a tension roller 267, an engaging portion 268, and
a pivot adjusting member 269. The roller holder 266
pinches the tension roller 267 by side plates 270 from
both sides thereof, and the side plates 270 are provided
with a roller shaft 271 for rotatably supporting the tension
roller 267. The roller shaft 271 is prevented from being
detached by a bottom face of a recess portion provided
at the housing 251.

[0148] A pivoting shaft 272 is provided at a vicinity of
a center of the roller holder 266, and the pivoting shaft
272is axially supported by a recess portion of the housing
251. The engagingportion 268 is provided on a side of

10

15

20

25

30

35

40

45

50

55

17

the roller holder 266 opposed to the roller 267.

[0149] Further, as shown by Fig.23, the housing 251
is provided with a divided structure comprising an upper
portion aand alower portion b and both ends of the driven
pulley 259 and the pivoting shaft 272 are supported re-
spectively by the upper portion a and the lower portion
b. The structure is constituted in consideration of inte-
gration.

[0150] The pivot adjusting member 269 is an adjusting
member in an axial shape and is provided with a pivot
adjusting male screw portion 273 at a root portion thereof
and a canceling expansion portion 274 at a front end side
thereof. The housing 251 (lower portion b) is formed with
a through hole from outside to the engaging portion 268,
and a pivot adjusting female screw portion is formed at
a vicinity of an outer side opening portion of the through
hole. The male screw portion 273 of the pivot adjusting
member 269 is screwed to the female screw portion.
[0151] A fixing nut 275 is screwed to an outer side of
the male screw portion 273, and after adjusting a position
of aninner side of a front end of the canceling expansion
portion 274 by rotating the male screw portion 273, the
male screw portion 273 is stopped from being loosened
by the fixing nut 275. The canceling expansion portion
274 isfitted with a seal ring comprising an elastic member
of rubber or the like to prevent dust and dirt of mud water
or the like from invading from outside of the housing 251.
The front end of the canceling expansion portion 274 is
brought into contact with the engaging portion 268 of the
roller holder 266 to restrict an attitude of the roller holder
266 (inclination around the rotating shaft 272). An
amount of pushing the drive belt 260 by the tension roller
267 is determined by the attitude of the roller holder 266
and therefore, by adjusting an amount of screwing the
pivot adjusting member 269, the tension of the drive belt
260 can be adjusted.

[0152] Although the housing 251 is normally constitut-
ed by a metal of aluminum or the like as a material thereof,
the canceling expansion portion 274 comprises a mate-
rial having a linear expansion coefficient different from
that of the housing 251, for example, ceramics or the like
having a linear expansion coefficient smaller than that of
the material of the housing. Now, when the linear expan-
sion coefficient of the housing 251 and the linear expan-
sion coefficient of the canceling expansion portion 274
arerespectively designated by notations o.and 3, alength
of the canceling expansion portion 274, a distance be-
tween axis lines of the pivoting shaft 272 and the cance-
ling expansion portion 274, and a distance between cent-
ers of the pivoting shaft 272 and the roller shaft 271 are
respectively designated by notations L1, L2 and L3
(Fig.25). Further, when an amount of moving the tension
roller 267 necessary for canceling a variation of the belt
tension by a change in temperature is designated by no-
tation , the amount can be represented by the following
equation.
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& = (a-p) x L1 x (L3/L2)

Therefore, the necessary moving amount & can be pro-
vided by selecting or setting the material (linear expan-
sion coefficient ) of the canceling expansion portion 274,
the length L1 of the canceling expansion portion 274, and
a lever ratio (L3/L2) of the roller holder.

[0153] The belt speed reducing apparatus 257 and the
electric power steering apparatus 250 integrated there-
with according to the embodiment are operated as fol-
lows. When the handle (steering wheel) is operated, for
example, the torque detecting apparatus 15b (refer to
Fig.1) provided between the steering wheel and the pin-
ion 15a (refer to Fig.1) detects rotation of the steering
wheel. The assisting motor 254 is rotated by receiving
the detecting signal and therefore, the drive pulley 258
is rotated, and the rotation is transmitted to the driven
pulley 259 via the drive belt 260. Rotation of the driven
pulley 259 is transmitted to the nut 253 via the spline
coupling.

[0154] The nut 253 is supported by the bearing 256
unmovably in the axial direction, also the rack axis 252
is unrotatable and therefore, the rack shaft 252 per se is
moved upwardly or downwardly in view from Fig.23. Ro-
tation of the rack shaft 252 rotates the pinion 15a to move
the rack shaft 252 in a direction of reducing the above-de-
scribed torque. The movement is simultaneously trans-
mitted to the steering apparatus of the main body of the
automobile and therefore, an advancing direction of the
automobile is changed.

[0155] Aninitial tension of the drive belt 260 is adjusted
by adjusting the tension adjusting mechanism 261, that
is, the amount of screwing the pivot adjusting member
269. Even when temperature of the belt speed reducing
apparatus 257 is elevated by running the automobile, the
position of the tension roller 267 is automatically adjusted
by a difference between the linear expansion coefficients
of the canceling expansion portion 274 and the housing
251 and the tension of the drive belt is maintained sub-
stantially to a constant value.

[0156] Further, an elastic member of a spring or the
like is not used in the tension adjusting mechanism 261
andtherefore, even when a direction of rotating the driven
pulley 259 is changed, a position of the tension roller 267
is not influenced by the rotational direction. Therefore, in
the electric power steering apparatus 250 integrated
therewith, even when a direction of turning the steering
wheel is changed, a driver does not feel the deterioration
in the feeling explained previously, that is, a feeling as if
the steering wheel were caught by something owing to
the delay in transmission. Further, an increase in the ten-
sion of the drive belt accompanied by temperature rise
of the housing caused by not using the elastic member
is canceled by the tension adjusting mechanism and
therefore, power transmission is not hampered thereby.
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(Fourteenth Embodiment)

[0157] Next, a belt speed reducing apparatus for an
electric power steering apparatus and the electric power
steering apparatus according to a fourteenth embodi-
ment of the inventionwill be explained in reference to
Fig.26 and Fig.27.

[0158] A point of difference of the electric power steer-
ing apparatus 280 according to the fourteenth embodi-
ment from the thirteenth embodiment resides in that
whereas the pivoting shaft 272 of the roller holder 266 of
the thirteenth embodiment is axially supported directly
by the housing 251, according to the fourteenth embod-
iment, the pivoting shaft 272 is supported by the shaft
supporting frame 281. The other constitution is the same
as that of the thirteenth embodiment and therefore, the
same members are attached with the same notations
and a detailed explanation thereof will be omitted.
[0159] As shown by Fig.26 and Fig. 27, the shaft sup-
porting frame 281 is constituted by a C-shape andis fixed
at inside of an inner recess portion 282 of the housing
by a fixing screw 283. The pivoting shaft 272 is axially
supported by two pieces of legs of the shaft supporting
frame 281.

[0160] The shaft supporting frame 281 per se consti-
tutes a canceling expansion portion and is constituted by
a material of ceramics or the like having a linear expan-
sion coefficient different from that of the housing 251.
The ceramics of the shaft supporting frame 281 is not
thermally expanded as much as the housing 251 even
when temperature of the housing 251 is elevated and
therefore, a distance L between the pivoting shaft 272
and the drive pulley 258 is relatively increased. Also the
roller shaft 271 is move in cooperation with the pivoting
shaft 272 and therefore, a change in the tension by tem-
perature can be canceled. Further, although the pivot
adjusting member 269 may be provided with the cance-
ling expansion portion 274 similar to the thirteenth em-
bodiment, the canceling expansion portion 274 can be
integrated with male screw portion 281 by a material the
same as that of the male screw portion 281.

[0161] An elastic member such as a spring is not used
in the tension adjusting mechanism 261 and a shaft sup-
porting frame 281 similar to the thirteenth embodiment
and therefore, even when the direction of rotating the
driven pulley 259 is switched the position of the tension
roller 267 is not influenced by the rotational direction.
Therefore, according to the electric power steering ap-
paratus 280 integrated therewith, even when the direc-
tion of turning the steering wheel is changed, a driver
does not feel the previously explained deterioration of
feeling, that is, the feeling as if the steering wheel were
caught by something owing to the delay in transmission.
Further, the increase in the tension of the drive belt ac-
companied by temperature rise of the housing caused
by not using the elastic member is canceled by the ten-
sion adjusting mechanism and therefore, power trans-
mission is not hampered thereby.
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(Fifteenth Embodiment)

[0162] Next, a belt speed reducing apparatus for an
electric power steering apparatus and the electric power
steering apparatus according to a fifteenth embodiment
of the invention will be explained in reference to Fig.28
and Fig.29.

[0163] According to the thirteenth embodiment and the
fourteenth embodiment, the belt tension is adjusted by
pivoting the roller holder 266 by the tension adjusting
mechanism 261 and pressing the tension roller 267 pro-
vided at the roller holder 266 to the derive belt 260. Mean-
while, according to the electric power steering apparatus
290 of the embodiment, the tension adjusting mechanism
261 is not provided with the roller holder 266 and the
tension roller 267 but adjusts the tension of the drive belt
260 by changing the position of the drive pulley 258. The
other constitution is the same as those of the thirteenth
and fourteenth embodiments and therefore, the same
members are attached with the same notations and a
detailed explanation thereof will be omitted.

[0164] The assisting motor 254 and the drive pulley
258 are supported by a pulley holder 291. The pulley
holder 291 is provided with substantially an L-like shape
and is provided with a pulley bearing 292 supporting the
drive pulley 258 at a vicinity of at the center square por-
tion. One of two legs of the pulley holder 291 is supported
by a pivoting shaft 293 to make the pulley holder 291
pivotable and otherleg is formed with an engaging portion
294.

[0165] Similar to the thirteenth embodiment and the
fourteenth embodiment, the pivoting adjusting member
269 is an axial pivoting member and is provided with the
pivot adjusting male screw portion 273 at the root portion
and the canceling expansion portion 274 on the front end
side. The housing 251 (lower portion b) is formed with a
through hole from outside to the engaging portion 294,
and a pivot adjusting female screw portion 251ais formed
atavicinity of an outer side opening portion of the through
hole. The male screw portion 273 of the pivot adjusting
member 269 is screwed to the female screw portion 251a.
[0166] A fixing nut 275 is screwed to the outer side of
the male screw portion 273 and after adjusting the posi-
tion of the inner side of the front end of the canceling
expansion portion 274 by rotating the male screw portion
273, the canceling expansion portion 274 is stopped from
being loosened by the fixing nut 275. The canceling ex-
pansion portion 274 is fitted with the seal ring comprising
the elastic member of rubber or the like to prevent dust
and dirt of mud water or the like from invading from out-
side of the housing 251. The front end of the canceling
expansion portion 274 is brought into contact with the
engaging portion 294 of the pulley holder 291 to restrict
the attitude of the pulley holder 291 (inclination around
the pivoting shaft 293). The position of the drive pulley
258 differs by the attitude of the pulley holder 291 and
therefore, the tension of the drive belt 260 can be adjust-
ed by adjusting the mount of screwing the pivot adjusting
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member 269.

[0167] An attaching plate 296 of the assisting motor
254 is provided with circular arc holes 297 and 298
centering on the pivoting shaft and is lightly supported to
permit to pivot the assisting motor 254 and the drive pul-
ley 258 slightly by bolts passing the circular arc holes
297 and 298.

[0168] When temperature of the electric power steer-
ing apparatus 290 is elevated, the distance between the
axis centers of the drive pulley 258 and the driven pulley
259 is increased, and the housing 251 is expanded in
the direction of increasing the tension, since an amount
of expanding the canceling expansion portion 274 is
smaller than the amount of expanding the housing 251,
the pulley holder 291 is inclined in the clockwise direction
around the pivoting shaft 293. Therefore, the drive pulley
258 is moved to be proximate to the side of the driven
pulley 259. The tension of the drive belt 260 is loosened
thereby and therefore, above-described amount of in-
creasing the tension is canceled thereby. That is, the
tension of the drive belt 260 is maintained to be automat-
ically constant.

[0169] Also in the embodiment, an elastic member for
maintaining the tension of the drive belt 260 constant is
not used and therefore, rotation from the assisting motor
254 is transmitted to the drive pulley 259 without delay.
Therefore, according to the electric power steering ap-
paratus 290 integrated therewith, a driver does not feel
the above-described deterioration in feeling, that is, feel-
ing as if the steering wheel is caught by something owing
to the delay in transmission even when the direction of
turning the steering wheel is changed.

(Sixteenth Embodiment)

[0170] Next, an electric power steering apparatus ac-
cording to a sixteenth embodiment of the invention will
be explained in reference to Fig.30 and Fig.32.

[0171] Inthe power steering apparatus 300 of the em-
bodiment, the assisting motor 301 is provided with a sta-
tor 302 and a rotor 303, and a motor shaft 304 fixed to
the rotor 303 is rotatably supported by a bearing 306 held
by a motor housing 305 and a bearing 308 held by the
motor flange 307.

[0172] As shown by Fig.31, the motor housing 305 is
provided with the harness take out port 310 from which
an electric wire 309 electrically connected to the stator
302 is drawn to outside, and the drawn electric wire 309
is connected to a control circuit, not illustrated.

[0173] Further, the motor shaft 304 is extended from
the bearing 308 to inside of a gear housing 311, and a
front end portion thereof is integrally provided with the
drive pulley 313 constituting a belt speed reducing ap-
paratus 312.

[0174] The belt speed reducing apparatus 312 is pro-
vided with the drive pulley 313, the driven pulley 314, and
the drive belt 315 at inside of the gear housing 311. The
drive belt 315 is hung over between the drive pulley 313
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provided at the motor shaft 304 of the assisting motor
301 and the driven pulley 314 supported by the gear
housing 311 rotatably and unmovably in an axial direction
to transmit rotation of the assisting motor 301 to the driven
pulley 314. Further, the drive pulley 313 and the driven
pulley 314 are formed with teeth brought in mesh with
teeth formed on an inner side of the drive belt 315.
[0175] The driven pulley 314 is provided with the
through hole 316, and a rack shaft 317 penetrates the
through hole 316. The driven pulley 314 is supported by
two bearings 318 and 319 rotatably and unmovably in
the axial direction relative to the gear housing 311. Fur-
ther, a spline groove 320 is formed on one side of the
driven pulley 314 and the spline groove 320 and a spline
projected streak 322 formed at a nut 321 are subjected
to a spline coupling. By the spline coupling, only rotation
of the driven pulley 314 is transmitted to the nut 321.
[0176] Therackshaft317 is held atinside of a housing
constituted by the gear housing 311 and rack shaft hous-
ings 323 and 324 unrotatably and movably in the axial
direction. The rack shaft 317 is provided with a male
screw portion 325 constituting a ball screw mechanism
along with the rack portion 21 (refer to Fig.1) having a
rack teeth with which the pinion rotated by the steering
wheel is brought in mesh.

[0177] The nut 321 is supported by a bearing 32 6 ro-
tatably and unmovably in the axial direction relative to
the housing. A circulating ball 327 is interposed between
afemale screw portion formed at an inner peripheral face
of the nut 321 and the male screw portion 325 to thereby
constitute a ball screw mechanism. Therefore, when the
assisting motor 301 is rotated, a driving rotational force
is transmitted to the nut 321 via the belt speed reducing
apparatus 312, thereby, the rack shaft 317 is moved in
the axial direction.

[0178] As shown by Fig. 31, in the motor flange 307,
a pair of flanges 328 and 329 are opposedly arranged
on a side thereof of attaching to the gear housing 311,
and one flange 328 of the pair of flanges 328 and 329 is
formed with along hole 330 prolonged in a circumferential
direction of the motor flange 307. Therefore, by inserting
the bolt 331 through other flange 329 to screw to the gear
housing 311 and inserting the bolt 332 through the long
hole 330 of one flange 328 to screw to the gear housing
311, the motor flange 307 is made to be pivotable by
constituting a fulcrum C by the bolt 331. By pivoting the
motor flange 307 centering on the fulcrum C, a distance
between axis centers of the drive pulley 313 and the driv-
en pulley 314 can be changed and therefore, adjustment
of the tension of the drive belt 315 can simply be carried
out. Further, by using the bolt 331 as the fulcrum C, an
inexpensive tension adjusting mechanism can be con-
stituted without increasing a number of parts. Further,
although the flange 329 and the bolt 331 of the motor
flange 307 is arranged in a side direction of the drive
pulley 313 as shown by Figs.31 and 32, in Fig.30, the
flange 329 and the bolt 331 are shown on a lower side
of the drive pulley 313 for convenience of explanation.
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[0179] As shown by Fig. 32, the fulcrum C is arranged
at the position at which an angle 61 made by a line a1
connecting the axis centers of the drive pulley 313 and
the driven pulley 314 and a line a2 connecting the axis
center of the drive pulley 313 and the fulcrum C is made
to be equal to or smaller than 90 degrees. The fulcrum
Cissettotheangle 81 equal to or smaller than 90 degrees
between the line a1 and the line a2 for enabling to effec-
tively change the distance between the axis centers of
the drive pulley 313 and the driven pulley 314 for a small
pivoting angle of the assisting motor 301. The constitution
conversely achieves an effect of capable of setting to
reduce a movable region of the assisting motor 301.
[0180] Further, according to the harness take out port
310, an angle 62 made by the line a1 connecting the axis
centers of the drive pulley 313 and the driven pulley 314
and a line a3 connecting the axis center of the drive pulley
313 and the harness take out port 310 is set to be equal
to or smaller than 90 degrees. The harness take out port
310 is set with the angle 62 equal to or smaller than 90
degrees between the line a1 and the line a3 because the
drive belt 315 is provided with a dimensional error in view
of fabrication thereof. Therefore, after adjusting the ten-
sion, more or less individual difference is produced in the
position of the assisting motor 301, and when the harness
take out port 310 in a projected shape is arranged at a
position at which there is a concern of interfering with
accessories of a vehicle body, particularly at inside of an
engine room, the position is disadvantageous in view of
layout. Therefore, by setting the position as described
above, layout performance can be promoted by arrang-
ing the harness take out port 310 such that the harness
take out port 310 is not extruded.

[0181] Further, although according to the embodiment,
the drive pulley 313 integrally provided with the motor
shaft 304 is supported in the form of a cantilever, as
shown by an electric power steering apparatus 300’ of
Fig.33 and Fig.34, there may be constructed a constitu-
tion in which an extended portion 333 is formed by ex-
tending one end side of the motor flange 307 and both
ends of the drive pulley 313 are supported by rolling bear-
ings 308 and 334.

(Seventeenth Embodiment)

[0182] Next, an electric power steering apparatus ac-
cording to a seventeenth embodiment of the invention
will be explained in reference to Fig.35. Further, portions
equivalent to those of the sixteenth embodiment are at-
tached with the same rotations and an explanation there-
of will be omitted or simplified.

[0183] According to the electric power steering appa-
ratus 340, a position of the flange 342 constituting the
fulcrum C in a pair of flanges 341 and 342 provided at
the motor flange 307 is disposed on a side of the driven
pulley 314, and the fulcrum C is arranged at the position
at which the angle 61 made by the line a1 connecting the
axis centers of the drive pulley 313 and the driven pulley
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314 and the line a2 connecting the axis center of the drive
pulley 313 and the fulcrum C is made to be equal to or
smaller than 90 degrees. Further, a flange 341 having a
long hole 343 is provided on a side opposed to the fulcrum
C relative to the axis center of the drive pulley 313.
[0184] Since the drive belt 315 includes a core wire
constituted by glass fiber, the constitution is for dealing
with a delicate variation of the tension with respect to a
small variation in the distance between the axis centers,
thereby, adjustment of the tension can be facilitated by
making a variation in the distance between the axis cent-
ers of the drive pulley 313 and the driven pulley 314 with
respect to the pivoting angle of the assisting motor 301
insensitive. Further, since the fulcrum C is arranged at
the position at which the angle 61 becomes equal to or
smaller than 90 degrees, by ensuring a large amount of
moving the interval between the axis centers relative to
the pivoting angle of the assisting motor 301, integration
performance can be improved.

[0185] The other constitution and operation are similar
to those of the sixteenth embodiment.

(Eighteenth Embodiment)

[0186] Next, an electric power steering apparatus ac-
cording to a seventeenth embodiment of the invention
will be explained in reference to Fig.36 and Fig.37. Fur-
ther, portions equivalent to those of the sixteenth embod-
iment are attached with the same notations and an ex-
planation thereof will be omitted or simplified.

[0187] In the electric power steering apparatus 350, a
shaft member 351 is fitted to the motor flange 307 and
the gear housing 311, and the motor flange 307 is pivoted
by constituting the fulcrum C by the shaft member 351.
In this case, since the fulcrum C is not constituted by the
bolt 331 as in the sixteenth embodiment and the seven-
teenth embodiment, phases of the flanges 328 and 329
can freely be set and therefore, the flanges 328 and 329
can be arranged at positions avoiding interference with
the vehicle body. Further, although the flange 329 of the
motor flange 307 is arranged in a side direction of the
drive pulley 313 as shown by Fig.37, in Fig.36, the flange
329 is shown on the lower side of the drive pulley 313
for convenience of explanation.

[0188] The other constitution and operation are similar
to those of the sixteenth embodiment.

(Nineteenth Embodiment)

[0189] Next, an electric power steering apparatus ac-
cording to a nineteenth embodiment of the invention will
be explained in reference to Fig.38 through Fig.40. Fur-
ther, portions equivalent to those of the sixteenth embod-
iment are attached with the same notations and an ex-
planation thereof will be omitted or simplified.

[0190] In the electric power steering apparatus 360,
the idler pulley 361 is rotatably integrated between the
drive pulley 313 and the drive pulley 314 of the gear hous-
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ing 311 by bearings 362 and 363. Further, the motor
flange 307 is provided with three flange portions 364,
365, and 366, and the two flanges 365 and 366 are
formed with long holes 367 and 368 prolonged in the
circumferential direction of the motor flange 307. By in-
serting bolts 369 and 370 through the long holes 367 and
368 of the two flanges 365 and 366 to screw to the gear
housing 311, the motorflange 307 is made to be pivotable
by constituting the fulcrum C by a bolt 371.

[0191] The idler pulley 361 is brought into contact with
an outer peripheral portion of the drive belt 315 and is
arranged to be able to adjust the tension even when a
direction of moving the drive pulley 313 by pivoting the
assisting motor 301 is a horizontal direction of Fig.39,
which is inefficient in adjusting the distance between the
axis centers. Further, the idler pulley 361 is small-sized
and arranged at a position at which an angle of the idler
pulley 361 made to wrap on the drive belt 315isincreased
and therefore, the durability of the drive belt 315 can be
promoted.

[0192] Further, as shown by Fig. 40, the idler pulley
361 is disposed such that an angle 63 made by the drive
belt 315 from the drive pulley 313 pressed by the idler
pulley 361 and a tangential line a4 of a locus of moving
the drive pulley 313 becomes small and therefore, the
tension can effectively be exerted to the drive belt 315
even for small movement of the drive pulley 313.
[0193] Although an explanation has been given of the
invention in details and in reference to the specific em-
bodiments, it is apparent for the skilled person that the
invention can variously be changed or modified without
deviating from the spirit and the range of the invention.
[0194] The belt speed reducing apparatus for the elec-
tric power steering apparatus and the electric power
steering apparatus capable of reducing operating sound
without making layout difficult and giving an excellent
steering wheeling can be provided.

<Industrial Applicability>

[0195] The application is based on Japanese Patent

Application (Japanese Patent Application
No0.2003-128260) filed on May 6, 2003, Japanese Patent
Application (Japanese Patent Application

No0.2003-170119) filed on June 13, 2003, and Japanese
Patent Application (Japanese Patent Application
N0.2003-174776) filed on June 19, 2003 and contents
thereof are incorporated here by reference.

Claims

1. Abelt speed reducing apparatus for an electric pow-
er steering apparatus, said speed reducing appara-
tus comprising:

adrive pulley having a first helical gear and sup-
ported to be able to drive to rotate;
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adriven pulley having a second helical gear and
rotatably supported; and

a drive belt hung over the drive pulley and the
driven pulley and having a third helical gear
brought in mesh with the first and the second
helical gears;

wherein a relationship of tan < p is established
between a twist angle B of the respective helical
gears and a friction coefficient p between the
first or the second helical gear and the third hel-
ical gear.

2. An electric power steering apparatus comprising:

a housing;

a rack shaft supported by the housing movably
in an axial direction and to be hampered from
being rotated;

a rack portion provided at the rack shaft;

a male screw portion provided at the rack shaft;
a nut constituting a ball screw mechanism by
being screwed to the male screw portion via a
ball and supported by the housing rotatably and
unmovably in the axial direction;

a drive pulley having a first helical gear and ro-
tatably

a driven pulley coupled to the nut with regard to
rotation thereof, having a second helical gear
and rotatably supported;

a drive belt hung over between the drive pulley
and the driven pulley and having a third helical
gear to be able to be brought in mesh with the
first and the second helical gears;

an assisting motor for driving the drive pulley;
a pinion brought in mesh with rack teeth of the
rack portion;

an input shaft inputted with a steering force from
a steering wheel; and

a torque detecting apparatus for detecting a
torque applied to the pinion by the input shaft;
wherein a relationship of tan § < . is established
between a twist angle  of the respective helical
gears and a friction coefficient .. between the
first or the second helical gear and the third hel-
ical gear:

3. An electric power steering apparatus comprising:

an assisting motor for supplying a steering as-
sisting force;

a rack shaft for turning a running wheel;

a first rotating member arranged coaxially with
a rotating shaft of the assisting motor; and

a second rotating member driven to rotate by
the first rotating member for transmitting rotation
of the first rotating member to a drive converting
apparatus for converting rotation of the first ro-
tating member to movement in an axial direction
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10.

11.

42

of the rack shaft;

wherein the assisting motor includes a motor
flange rotatably mounted to a housing of the
electric power steering apparatus, and an axis
center of the motor flange is in parallel with an
axis center of the first rotating member and is
remote from the axis center of the first rotating
member by a predetermined dimension.

The electric power steering apparatus according to
Claim 3, wherein the first rotating member is an input
gear arranged coaxially with the rotating shaft of the
assisting motor and the second rotating member is
an output gear for receiving a rotational power of the
input gear.

The electric power steering apparatus according to
Claim 4, wherein the input gear is constituted inte-
grally with the rotating shaft of the assisting motor.

The electric power steering apparatus according to
Claim 4, wherein the drive converting apparatus is
a ball screw apparatus and the output gear transmits
the rotational power of the input gear to a nut of the
ball screw apparatus.

The electric power steering apparatus according to
Claim 3, wherein the drive converting apparatus
comprises a pinion coupled with a worm wheel shaft
of aworm gear speed reducing apparatus and a rack
shaft broughtin mesh with the pinion, the first rotating
member is a worm coupled with the rotating shaft of
the assisting motor, and the second rotating member
is a worm wheel brought in mesh with the worm.

The electric power steering apparatus according to
Claim 7, wherein the worm is constituted integrally
with the rotating shaft of the assisting motor.

The electric power steering apparatus according to
Claim 3, wherein the drive converting apparatus is
a ball screw apparatus, the first rotating member is
a drive pulley arranged coaxially with the rotating
shaft of the assisting motor, and the second rotating
member is a driven pulley driven by the drive pulley
via a drive belt.

The electric power steering apparatus according to
Claim 9, wherein the drive pulley is constituted inte-
grally with the rotating shaft of the assisting motor.

The electric power steering apparatus according to
Claim 4, wherein a gear apparatus comprising the
input gear constituting the first rotating member and
the output gear constituting the second rotating
member is a gear apparatus including any one of a
spur gear, a helical gear, a worm and a worm wheel.
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A belt speed reducing apparatus for an electric pow-
er steering, said belt speed reducing apparatus com-
prising:

a housing;

a drive belt;

a drive pulley rotatably supported by the hous-
ing, exerted with a rotation drive force and hung
with a drive belt;

a driven pulley rotatably supported by the hous-
ing and rotated by being transmitted with a pow-
er from the drive pulley by being hung with the
drive belt; and

a tension adjusting mechanism for adjusting a
tension of the drive belt;

wherein the tension adjusting mechanism in-
cludes a canceling expansion portion compris-
ing a material for producing a variation in the
tension opposedto a variation in the tension pro-
duced at the drive belt when a temperature of
the belt speed reducing apparatus is varied.

The belt speed reducing apparatus for an electric
power steering apparatus according to Claim 12,
wherein the drive belt is a timing belt.

The belt speed reducing apparatus for an electric
power steering apparatus according to Claim 12 or
13, wherein the canceling expansion portion of the
tension adjusting mechanism comprises a material
having a linear expansion coefficient smaller than a
linear expansion coefficient of a material of the hous-

ing.

The belt speed reducing apparatus for an electric
power steering apparatus according to any one of
Claims 12 through 14, wherein materials of the hous-
ing, a core wire of the drive belt and the canceling
expansion portion of the tension adjusting mecha-
nism are respectively aluminum, glass fiber and ce-
ramics.

The belt speed reducing apparatus for an electric
power steering apparatus according to any one of
Claims 12 through 15, wherein the tension adjusting
mechanism comprises:

a roller holder supported pivotably by the hous-
ing;

a tension roller supported rotatably by the roller
holder; and

a pivot adjusting member capable of adjusting
an angle of pivoting the roller holder by engaging
its front end to be able to adjust a position of
pressing the belt by the tension roller and includ-
ing the canceling expansion portion on a side of
the front end.
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The belt speed reducing apparatus for an electric
power steering apparatus according to any one of
Claims 12 through 15, wherein the tension adjusting
mechanism comprises:

a shaft supporting frame fixed to the housing
and constituting the canceling expansion por-
tion;

a roller holder supported pivotably by the shaft
supporting frame;

a tension roller supported rotatably by the roller
holder; and

a pivot adjusting member capable of adjusting
an angle of pivoting the roller holder by engaging
its front end to be able to adjust a position of
pressing the belt by the tension roller.

The belt speed reducing apparatus for an electric
power steering apparatus according to Claim 17,
wherein the shaft supporting frame constitutes a
C-shape and the roller holder is supported axially by
two peaces of legs of the shaft supporting frame.

The belt speed reducing apparatus for an electric
power steering apparatus according to any one of
Claims 12 through claim 15, wherein the tension ad-
justing mechanism comprises:

apulley holder rotatably supporting the drive pul-
ley and supported pivotably by the housing; and
a pivot adjusting member capable of adjusting
an angle of pivoting the pulley holder by engag-
ing its front end to be able to adjust a distance
between axis centers of the drive pulley and the
driven pulley and including the canceling expan-
sion portion on a side of the front end.

The belt speed reducing apparatus for an electric
power steering apparatus according to Claim 19,
wherein the pivot adjusting member includes a pivot
adjusting male screw portion for screwing with a pivot
adjusting female screw provided at the housing at
its root portion.

An electric power steering apparatus characterized
in comprising:

the belt speed reducing apparatus according to
any one of Claims 12 through 20;

a rack shaft supported by the housing unrotat-
ably and movably in an axial direction and in-
cluding a male screw portion constituting a ball
screw mechanism along with a rack portion hav-
ing rack teeth with which a pinion rotated by a
steering wheel is brought in mesh;

a nut screwed with the male screw portion of the
ball screw mechanism via a ball for transmitting
rotation of the driven pulley; and
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an assisting motor supported by the housing for
driving to rotate the drive pulley.

22. An electric power steering apparatus comprising:

a housing;

a drive belt;

a drive pulley supported rotatably by the hous-

ing, exerted with a rotation drive force, and hung

with the drive belt; 10
a driven pulley supported rotatably by the hous-

ing and rotated by being transmitted with a pow-

er from the drive pulley by being hung with the
drive belt; and

an assisting motor for driving to rotate the drive 75
pulley;

wherein the assisting motor includes a motor
flange mounted to the housing by a plurality of
bolts, and the motor flange is made to be pivot-
able relative to the housing by constituting a ful- 20
crum by a single piece of the bolts.

23. The electric power steering apparatus according to
Claim 22, wherein the fulcrum is arranged at a posi-
tion at which an angle made by a line connecting 25
axis centers of the drive pulley and the driven pulley
and a line connecting the axis center of the drive
pulley and the fulcrumis made to be equal to or small-
er than 90 degrees.
30
24. The electric power steering apparatus according to
Claim 22, wherein an angle of a harness take out
port of the assisting motor made by a line connecting
axis centers of the drive pulley and the driven pulley
and a line connecting the axis center of the drive 35
pulley and the harness take out port is equal to or
smaller than 90 degrees.

25. The electric power steering apparatus according to
Claim 22, further comprising an idler pulley for ex- 40
erting a predetermined tension to the drive belt.

26. The electric power steering apparatus according to
Claim 25, wherein the idler pulley is arranged at a

position at which an angle of making the belt wrap 45
on the drive pulley is increased.

50
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